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TRENDS IN BRUCELLOSIS IN 


DENMARK 


IJ. BOVINE BRUCELLOSIS 


By AXEL THOMSEN 


Even optimistic veterinary surgeons, not to 
mention the owners of big herds of cattle, are 
amazed at the recent excellent results of the cam- 
paign to wipe out infectious abortion in cattle in 
Denmark. For an unknown number of vears this 
disease has ravaged our herds. It was a constant 
though not always violent feature of all herds on 
large estates, and in fact of all large herds. It was 
a common and dreaded scourge of all smaller 
herds, even down to the smallest. 

The disease would appear without any warning, 
as a bolt from the blue, resulting in numerous 
abortions which caused serious financial loss to 
the owners, and was accompanied by loss of milk 
and sterility; the disease would generally last a 
few years, and then disappear, when a certain 
immunity had been built up. A condition of its 
disappearance was that the herds were not too 
big (usually not over 20 milch cows), for in large 
herds the young stock tend to keep the infection 
alive. 

With the foundation of the State Veterinary 
Serum Laboratory (Statens veteringere Serumla- 
boratorium) in 1908 the first preparations were 
made for the campaign which was to lead to such 
noteworthy results. As early as 1910 original and 
extremely important sero-diagnostic methods 
were worked out which made it possible to deter- 
mine which animals or herds were infected and 
which were not. 

But the general and widespread use of these 
methods to detect the infected animals — the so- 
called reactors — fell on barren soil. In agricul- 
tural circles there was little interest in the com- 
bating of the disease by slaughtering based on 
serology, and many years were to pass before 
their importance was recognized. Denmark was 





From the State Veterinary Serum Laboratory, 
Copenhagen. 





not, however, the only country in which this ne- 
gative attitude was prevalent. 
However, the Veterinary Serum 
continued its efforts to throw light on the many 
problems connected with this disease, i. a. on the 
ways and means by which the disease was spread, 
just as research on diagnostic methods was also 


Laboratory 


continued. 

For a number of years research was parti- 
cularlv concentrated on the production of dif- 
ferent vaccines, which, under the control of the 
laboratory, were tested in practice on large herds. 

A really decisive step forward was the result 
of the intensive research work done in the thir- 
ties which showed that by using vaccines pre- 
pared in accordance with American methods, it 
was possible to obtain really good results by vac- 
cinating calves. By using this particular vaccina- 
tion method it was possible to reduce the per- 
centage of abortions in herds on the large estates 
from 25 % to 3 %. 

In certain herds, however, this vaccine is not 
effective; this applies especially where vaccina- 
tion alone is counted upon to wipe out the dis- 
ase, without an improvement in the hygienic 
conditions in the stable being taken sufficiently 
into account. 

The introduction of this method of vaccination 
did not afford a rational solution to the problem, 
for as a rule the disease was not completely, and 
at best only very slowly wiped out in the herds. 
The ideal was still, as the Serum Laboratory time 
and time again made clear in its publications, 
the general use of reliable sero-diagnostic me- 
thods to detect the infected animals, followed by 
the slaughter or isolation of the reactors and 
the disinfection of the stables; this is the same 
procedure as combating bovine tuber- 
culosis. 


used in 








66 DANISH MEDICAL BULLETIN 


Vol 2 no 3 








J AMS 
le COPENHAGEN { 
wr nb pn 
” “ X Aar G 
{ ; ZEALAND 
* me À Pe 
ì — 
A X — — 4 
: 2 FUNEN 9 
Nd si A > 
Did. … 
4 & * * 
PN ten —— 
— « Ne 3 En de 
al — 8 55 * 3 
JF X * a — ed 
— af C : Ene 
j GON AR > is 
ef es 


— 


(LANGER MANY‚ 


/ 








SWEDEN 


8 


/ 





BORNRDLM ” 








The vaccine does, however, have its uses at 
times, for the disease cannot be combated by 
slaughtering based on serology during the first 
violent stages in a herd. 

One weak point in the propaganda for the 
combating of the disease on a large scale was 
that, on account of the unreliability of the clinical 
diagnosis, the prevalence of the disease was not 
known. Were 10, 20, or 50 % or an even higher 
number of all herds in Denmark infected? 

In the thirties a plan for the charting of the 
disease was prepared. But it was not possible to 
obtain from the State or from other sources the 
means — in fact a small sum — necessary to 
carry out the work of charting, which aimed at 
the serological examination of all herds in a large 
veterinary district in each county. 

In 1936, however, arrangements were made to 
have all the cattle on the small island of Fejg, 
viz. one hundred herds comprising 1087 head of 
cattle over one year, examined by means of the 
agglutination test. 

The result was surprising but extremely satis- 
factory: only 11 % of the herds were infected 
and only 6.6 % of the cattle on the island. 

This result turned out to be of importance not 
only to the island itself, which was cleared of 


the disease during the summer of 1936 by the 
slaughtering of reactors, but the whole method 
of dealing with the problem was new in prin- 
ciple, setting an encouraging example for other 
parts of the country to follow. 

Now followed the systematic examination of 
all herds on a number of islands. Bornholm 
(1937), Æro (1939), Taasinge (1940), Samsó 
(1941). To these should be added nine contiguous 
dairy districts in South Funen (1940) and a few 
scattered dairy districts in Jutland. Thus the 
actual campaign had begun, for the collective 
combating of the disease often follows closely 
in the wake of charting; this applies especially 
to districts or islands where the disease was 
relatively infrequent. 

But the serological charting of the disease did 
not reveal only encouraging facts. It was depres- 
sing to find that 33 % of the herds on the island 
of Bornholm were infected, and 14 % of the cattle 
population. 


By 1944, however, the charting had reached 
such a point that the results showed that about 
25 % of all Danish herds were infected, and 11 % 
of the total cattle population. The charting also 
revealed that the disease was far less prevalent 
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than was generally assumed, and this fact was 
an encouragement to continue the work. 

The prevalence of the disease varied greatly 
from one island to another and from one district 
to another, it even varied in contiguous dairv 
districts. 

In the case of the larger islands some examples 
of statistical extremes can be given: Samsg had 
only 7 % infected herds and 4 % infected cattle, 
while for Taasinge the figures were 40 % and 
15 % respectively. 

In 1940 the campaign against bovine brucel- 
losis was in full progress, and in the following 
vears different factors seemed to encourage this 
progress. The most important of these are men- 
tioned below. 

Because of the good results achieved in this 
country in the war against bovine tuberculosis in 
the twenties and thirties, the farmers had realized 
that the veterinarians were really in a position 
to help them to wipe out a serious, chronic, in- 
fectious disease, and they were therefore more 
accessible to rational advice now that the cam- 
paign was directed against infectious abortion 
than they had been earlier. This change in the 
attitude of the farmers probably accounts for the 
explosive advance of the campaign against bru- 
cellosis in the forties. 

The tuberculosis campaign had shown the im- 
mense importance of the work being organized 
by the co-operative dairies, i.e. that the dairies 
and the boards of the dairies (or a specially 
elected committee) were the local centres for 
propaganda and joint-action, uniting all farmers 
in the region in an all-out effort, including parti- 
cularly those farmers whose herds were free of 
the disease. This last point is immensely impor- 
tant in the case of a disease like brucellosis where 
the prevention of new outbreaks plays such a 
dominant part. On the whole it can be said that 
the number of infected herds could “of itself” 
(by self-sanation) be reduced to a minimum if 
new infections could be completely prevented by 
the exercise of care and vigilance by all owners. 
lt therefore seemed the obvious solution to or- 
ganize the work collectively, in dairy districts, 
and this was tried as an experiment on the island 
of Erg in 1937—38. 

The introduction, at the beginning of the for- 
ties, of a new diagnostic method — adopted in 
practice in Denmark in 1946 — which was parti- 
cularly aimed at the prevention of the disease, 
was of immense importance to the campaign 
against brucellosis. This new diagnostic method 
was the so-called A.B. R.-test (abortus Bang ring 
test) which is a kind of agglutination test using 
a sample of milk instead of a sample of blood. 
The test is extremely sensitive and by means of 
it several cows can be tested at the same time 
(samples from milk cans containing about 50 kg. 
milk). 


Denmark has contributed to the perfection of 
this diagnostic method by the introduction of the 
staining of the agglutinative antigen with tri- 
phenyltetrazolium chloride; this method is now 
being used in many other countries. 

This test, which is extremely reliable, is so 
simple that it is possible to examine all herds in 
Denmark, in all about 187,000, every third month, 
and this means that it is generally possible to 
suppress an adventive infection before any note- 
worthy damage has been done, by the removal, 
in most cases, of only a single animal. 

Another factor which has likewise been of the 
utmost importance to the victory of the campaign 
against brucellosis is the part plaved by the 
Veterinary Health Service (V.H.S.). This work 
began cautiously in 1937, but it grew 
considerably in the vears that followed. 

The V. H.S. is now responsible not only for the 
planning and direction of the campaign against 
the disease, but has also taken on the important 
and extensive task of propaganda in the form of 
instructive lectures and the publication of popu- 
lar pamphlets including the general rules for the 
combating of the disease in the dairy districts. 

Another valuable contribution bv the V. H.S. 
is connected with the publication of the National 
Register of the uninfected herds which has been 
kept since 1944 by the Joint Organization of 
Danish Dairies. This official register has been of 
great importance, primarily from the point of 
view of prestige, but it has also been of practical 
value to those farmers who wish to make sure of 
getting healthy animals. 

In addition, the V. H.S. has taken on a number 
of other tasks, including experiments on the 
systematic combating of brucellosis in certain 
dairy districts. 

A milestone in the campaign against bovine 
brucellosis was the comprehensive Act of May 
24th, 1948, dealing with the combating of infec- 
tious abortion. An important provision in this Act 
is the one providing compensation for the loss 
— through compulsory slaughtering of infec- 
ted animals. The dairies also give compensation 
for slaughtered animals. In the financial vear 
1953—54 the State subsidy to the campaign 
against brucellosis was about two and a half mil- 
lion Danish crowns. 

All this work has already produced such great 
and rewarding results that large parts of Den- 
mark are now completely free of the disease. This 
applies to most of the Danish islands, including 
Bornholm and Funen. In other parts of the coun- 
try there are still a number of infected herds, but 
for Denmark taken as a whole this figure is only 
about 1 %, as compared with 25 % earlier. Two 
vears from now there should only be a few 
isolated cases left — if any. 

These results are a striking proof of what can 
be achieved by determined and energetic co- 
operation of all concerned. 
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IH. HUMAN BRUCELLOSIS 


By MARTIN KRISTENSEN 


During the vears 192426 there appeared in 
the foreign literature several communications 
about scattered cases of Brucella abortus infec- 
tion in man. In consequence, from April 1, 1927, 
all “Widal specimens”, hitherto tested for 
typhoid and paratyvphoid B onlv, were tested for 
Br. abortus also. There had not until then been 
advanced any suggestion of the occurrence of 
human brucellosis in Denmark; but during the 
very first days after beginning the serological 
examination several markedly positive reactions 
were noted. During the first years we collected 
clinical information about the patients with a 
positive reaction at least in the dilution of 100 
(i.e. “1 in 100”), and blood cultures were done 
in many cases. Only very seldom could a clin- 
ical diagnosis be made that seemed more proba- 
ble than brucellosis; and from the majority of 
blood cultures from patients we obtained growth 
of bacteria that could be classified as Brucella 
abortus. 

The cases occurred at random over the whole 
country. This fact makes it quite improbable that 
the disease could have appeared simultaneously 
with the commencement of the serological exami- 
nation; it seems more likely that brucellosis had 
existed in our country for many years without 
being recognized as such. The cases may have 
been diagnosed as typhoid, paratyphoid, tuber- 
culosis, rheumatic fever or simply as fever of 
unknown origin. 





During the first vears the Widal reaction was 
made in the dilutions 50, 100, 200, 400, 800, and 
1600, but since Jan. 22, 1935 (when the separate 
titration of O- and H-reaction for typhoid and 
paratyphoid was introduced) only in the dilu- 
tions 50, 200, and 1000; the limit for significantly 
positive reactions was thereby raised to 200. 
Cases which by the old technique would have 
been classified as brucellosis on the basis of a 
reaction positive only in the dilution 100, were 
therefore not included in the statistics; such reac- 
tions, however, constituted only 7—8 per cent. of 
all the positive reactions with a higher titer than 
50. At the same time, the titration and incubation 
technique was modified to a certain extent. On 
the whole it must be assumed that some of the 
cases giving “significantly positive reactions” 
were excluded after the introduction of the new 
technique. 

Denmark’s official census of “undulant fever’ 
Cwhich simply means any febrile brucellosis, 
without regard to the course of the fever) is 


. 


From Statens Seruminstitut. Director: J. Orskov. 





based only upon the issue of the sero-reactions 
on “Widal samples”; these are almost all from 
febrile patients. Of course, it is, generally speak- 
ing, unwarrantable to diagnose a special infec- 
tious disease only on the basis of fever and a 
positive sero-reaction; without doubt some pa- 
tients who gave a reaction below the chosen limit 
may have had undulant fever, and in some patients 
whose reaction was above the limit the actual dis- 
ease may not have been brucellosis. In a disease 
clinically so little characteristic as undulant fever 
we must, however, lay special stress on the sero- 
reaction, and the census based on this is probably 
more reliable than it would be if it were based 
on the reports of the physicians. 

The following table gives the numbers of sero- 
logically diagnosed cases of undulant fever for 
each year: 

1927 1928 1929 1930 1931 1932 1933 1934 1935 193 
120 411 525 527 588 510 606 655 514 605 
1937 1938 1939 1940 1941 1942 1943 1944 1945 194 
581 585 52 557 407 345 327 261 282 271 
1947 1948 1949 1950 1951 1952 1953 1954 
279 224 191 187 150 125 70 33 

The yearly frequency of the disease, then, was 
almost constant during the vears 1929—40. The 
lower numbers in 1928 and especially in 1927 
are eazily explained by the fact that the existence 
of the disease was only gradually realised by the 
physicians; the first comprehensive publication 
appeared >n December 1927. 

We have considered the possibility that the 
variation in the numbers of cases diagnosed might 
be due to variations in the sensitivity of the an- 
tigens used for the agglutination test. Every time 
a fresh batch of antigen was prepared we com- 
pared it to the old one by titration of some posi- 
tive and negative patient sera; records of these 
comparisons have been kept since January Íst, 
1931. In addition, the distribution of the different 
strengths of all the positive reactions (including 
those with the titer 50) has been made out for 
each batch of antigen; we assume, indeed, that 
specially sensitive antigens will give relatively 
many strong reactions. It appeared, then, that 
the sensitivity of the antigens varied somewhat 
until March 1945, after which it was rather con- 
stant and equal to the sensitivity during the years 
1936—40. It seems possible to explain the rela- 
tively low numbers in 1932 and 1935 as due to 
technical causes; but the great decrease since 1940 
must be real. 

The greatest average number of cases has been 
diagnosed in June, when it is about 50 per cent. 
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Cases of human Bruecellosis per 10.000 inhabitants in Greater Copenhagen, provincial towns and rural 
districts. 





MALES 

Gr. Prov. Rur. Gr. 

Cop. towns distr. Cop. 
1928—32 1.07 145 2.98 0.43 
1933—37 1.27 1.68 3.48 0.56 
193842 1.19 1.27 2.70 0.40 
1943—50 0.22 0.48 1.58 0.088 
1951—54 0.060 0.15 0.63 0.016 


FEMALES BOTH SEXES 


Prov. Rur. Gr Prov Rur 
towns distr. Cop. towns distr 
0.57 0.75 0.72 0.99 1.89 
0.67 0.86 0.88 1.14 2.21 
0.39 0.80 0.76 0.81 1.29 
0.18 0.53 0.15 0.33 1.07 
0.019 0.19 0.037 0.083 0.42 





greater than in December, the month with the 
lowest frequency. 

The subdivision with regard to age (classified 
in periods of 5 years) and sex has been calculated 
in relation to the total number of persons in the 
corresponding group of the population. The male 
population exhibits a marked frequency maximum 
in the 25—29 years age-group; the women have 
a maximum of moderate degree in the 30—34 
vears group and a higher maximum in the 50—54 
vears group. All these maxima apply to the popu- 
lation both in the towns and in the country, but 
they are most marked in the latter. The propor- 
tion between the number of cases among men 
and women is 7920 :2404 =3.3. 

The only demonstrated source of human in- 
fection is infectious abortion in cattle. This ap- 
pears from the questionnaires sent out in the in- 
dividual cases during the first years and is illus- 
trated by a comparison between the percentage of 
Brucella infected herds in 1948 and the number of 
cases of human brucellosis in the different counties 
during the vears 1946—50; a marked positive 
correlation was found. We have also noted the 
number of human cases for each vear in the spe- 
cial regions where infectious abortion in cattle 
was eradicated a few years ago. The biggest of 
these regions, the island of Bornholm, has been 
free from infectious abortion since 1946, whereas 
formerly, as mentioned by Dr. Thomsen, the 
infection was rather prevalent there. During the 
vears 1928—46 one or more (up to 16) cases in 
man were diagnosed annually, but none in 
194754. 

As to the mode of infection we distinguish 
between infection through milk and “contact” 
infection comprising all other modes of infection. 
Both types of infection must be assumed to plav 
an important rôle; the relative importance of 
each cannot be assessed since a great deal of the 
population have been exposed to both kinds of 
infection. It has now and then been doubted 
whether infection through milk plaved any rôle 
at all. Therefore it was interesting to compare 
the frequency in “Greater Copenhagen” before 
and after the 1943 Act making it compulsory to 
heat all commercial milk except “milk for child- 
ren” (which is still sold unpasteurized). Already 
in 1942 the bigger dairies pasteurized the greater 


part of their milk, whereas about 60 per cent. 
of it had previously been sold unheated; and in 
1943 only an insignificant amount of ordinary 
whole milk and cream was sold unpasteurized. 
In the other regions of Denmark it is left to each 
municipality to decide about milk pasteurization; 
compulsory heat treatment, however, on the prin- 
ciples employed in Copenhagen is becoming more 
and more the rule, especially in the towns. 

The following table gives the average vearlv 
numbers of cases of undulant fever per 10.000 
persons in the sections of the population named. 

It is evident that the frequency of undulant 
fever in Greater Copenhagen has decreased after 
1942 on a considerably larger scale than in the 
other parts of the country, especially in the rural 
districts. The continued occurrence of some cases 
in the Capital, also, is to be explained partly by 
the consumption (mostly by adults) of “milk for 
children”, (not considered to be free from Bru- 
cella until after 1950), partly by the consumption 
of raw milk delivered directly from farms, and 
partly by contact infections (veterinarians, vete- 
rinary students). 

Infection with a special Brucella type has been 
observed in a few, very limited regions of Den- 
mark: in swine, since 1929; in hares, since 1951 
(Christiansen et al.). Inquiries have been 
made in a number of cases of undulant fever 
concerning the possibility of infection from these 
particular animals, but nothing positive emerged. 
The Brucella type in question has in no case been 
isolated from humans. No significant rise in the 
frequency of Brucella infection in man has oc- 
curred in connection with the hare shooting seca- 
son (Oct. 1 to Dec. 18). 

It would therefore 
combating of infectious abortion by veterinarians 
will mean freedom from a human disease which 
is certainly not very dangerous, but often dis- 
agreable and of long duration. 


seem that the effective 
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THE DURATION OF IMMUNITY FOLLOWING 
DIPHTHERIA VACCINATION 


By KN. BOJLEN 


The extensive literature of recent vears con- 
cerning vaccination against diphtheria contains 
numerous references to the effects two to five 
vears after completion of vaccination, whereas 
later findings are only relatively seldom reported. 

Evaluation of immunity is based either on the 
Schick test or on measurements of circulating 
antitoxin. As is well known, a positive Schick 
test*) indicates poor or non-existent protection 
against diphtheria. In the majority of cases the 
amount of circulating antitoxin in Schick-positive 
persons is less than 0.01 units per ml serum. This 
value, therefore, is used most frequently as the 
border-line between protected and non-protected, 
where antitoxin measurement has been the basis 
for evaluation of immunity. In some of the works 
which will be mentioned here, other values have 
been used as border-line, such as 0.004 units per 
ml (14, 43), 0.03 units (31) and 0.05 units (42). 

The results reported in the literature vary 
considerably. Distribution according to the num- 
ber of injections shows that up to five vears after 
vaccination the percentage of non-protected (in- 
adequately protected) varies between 5 (33) and 
82 (29) where only one injection of vaccine is 
given (7, 11, 12, 24, 26, 29, 33), between 0 (29) 
and 74 (37) where two injections are used (5, 7, 
10, 11, 19, 22, 26, 29, 37, 42), and between 4 (23, 
29) and 14 (16) where three injections are given 
(2, 3, 4, 13, 14, 16, 20, 23, 24, 29, 31, 39, 41, 44). 
All the investigations known to us which extend 
over more than 5 vears have been carried out on 
persons who received three injections (3, 10, 35, 
36, 43). In some of these works, the investigation 
was carried out six to seven vears after vaccina- 
(10, 35, 36, 43) and the number of non- 
protected persons varies between 0.2 per cent 
(35) and 32 per cent (43). Two examinations 
extend over still longer periods; Benjamin et 


tion 


al. (3) thus found 15 per cent. Schick-positive 
persons 5—11 vears after vaccination, and 
Wishardt and Reid (44) 10-—18 vears after 


vaccination found that about half of the 35 per- 
sons examined showed less than 0.004 units per 
ml serum. 

The experimental conditions within the differ- 
ent groups in this short. and admittedly in- 
complete, survey of the literature have varied a 
great deal, which probably accounts for the 
From Statens Seruminstitut, Copenhagen. 

*) For information regarding the Schick test and its 


limitations, see literature references 17, 21, 28, 30, 
32 and 38. 
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heterogeneous results. All sorts of vaccines have 
been used, viz, plain toxoid, toxoid-antitoxin floc- 
cules, and precipitated or adsorbed toxoids of 
varying purity. The size of the doses and the in- 
terval between the injections have varied or are 
not stated. In some cases, one or more Schick 
injections have been performed at varying inter- 
vals in the investigation period (22, 23) and, as 
shown by Glenny and Allen (15), O’Brien 
(25), Dudley et al. (9) and Parish and 
O kell (27), these may act as secondary stimuli 
in immune and potentially immune persons, thus 
influencing the final results to a great extent. 

The epidemiological conditions regarding diph- 
theria during the vaccination and investigation 
periods have varied considerably. In some cases 
(12, 23) endemic diphtheria was present, and 
due to the possibility of latent infections, this 
may have helped to maintain the immunity levels 
observed by these authors. Using three injections 
of plain toxoid at three — and two week inter- 
vals, Mozer and Mozer (23) reported 4 per 
cent Shick-positive persons four and five vears 
after vaccination, while Faragó (12), using 
only one injection of precipitated toxoid, found 
15 per cent. 

In addition, the different methods and levels 
used for evaluation of the immunity may, as 
mentioned have contributed to the con- 
flicting results. 

The trend seems to be that three or 
jections give a more stable immunity than one 
or two injections. However, the information 
available is too diverse to justify closer com- 
parison and permit conclusive judgment regard- 
ing the different factors responsible for the sta- 
bility of artificial diphtheria immunity. 

We found it necessary, therefore, to examine 
the duration of immunity obtained with the 
method of vaccination in use in Denmark in 
order to be able to decide whether or not booster 
injections might be necessary to maintain a satis- 
factory antitoxin level. 


above, 


more in- 


OWN INVESTIGATIONS 
Vaccine and course of injections: 

The diphtheria vaccine used in this country 
since 1940 is prepared by mixing known amounts 
of partly purified toxoid diluted with saline with 
a known amount of Al(OH)s. The final vaccine 
contains 50 units of toxoid and Al(OH)3-gel, cor- 
responding to 1 mg of Al per ml, which leads to 
a 100 per cent adsorption of the toxoid (34). The 
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Table 1. 
Antitorin values 5—8 years after last injection of 
diphtheria vaccine in children vaccinated at 5—8 gears 


Table 2. 
Antitorin values 5—9 gears after last injection of 
4 


diphtheria vaccine in children vaccinated at 1—4 gears 














of age. of age. 
Group 1 Group 2 Group 3 Group 4 
Copenhagen Rural district (Funen) Copenhagen Rural district (Funen) 
AU/ml og AU/ml on AU/ml eg AU/ml og 

SE * SE 2 SE SE 

Zo e Ze * 2 * Zo ⸗ 

O1 ... Ak OOR aoe 0 0 si __ GEETTEEN 0 0 ——AA Oaaoeen 0 0 

1001001 .... 0 0 0.001—0.01 1 14 9,001—0.01 0 0 0.001—0.01 … 0 0 
pO ….……. 22 175 | 00101 ..... 11 154 10.01 . 1 ...... 8 123 | 00101 ..... 6 146 
EEN sien 83 65.9 |Ol—1 …….…………. 58 795 0.1 1 ........ ———— 30 73.2 
PE Ovodnenen 21 16.7 MR wewaars 3 41 ER deed 10 154 DE asen. 5 122 


Geom.mean 0.25 126 Geom.mean 0.22 73 





Geom.mean 0.32 65 Geom.mean 0.26 41 





course of vaccination was three injections of 1 ml 
each, given with intervals of four weeks between 
the first and second injections, and about one 
vear between the second and third injections. 
They were given in the scapular region. 


Material and Methods: 

The investigation comprised 305 children, 191 
of whom lived in Copenhagen and 114 in a rural 
district on the Danish island of Funen.*) These 
two districts were chosen in order to obtain in- 
formation concerning the immunity of children 
groups lived under different epidemiological con- 
ditions. Diphtheria was endemic in Cepenhagen 
particularly during the first vears of the period 
under investigation (1942—51)**), while to our 
knowledge no case of diphtheria has been diag- 
nosed in the rural district in question during the 
last ten to twelve years. The two groups were 
divided into two sub-groups one first consisting 
of children immunised at of 5—8 vears of age, 
the other of children vaccinated at an earlier age, 
viz. between 1 and 4 vears. The children had not 
been Schick tested prior to vaccination, nor on 
any subsequent occasion. 

Blood samples were obtained from the children 
five to nine years after their third and final in- 
jection. At that time those vaccinated at the age 
of 58 vears were about to leave school, whereas 
the vounger group had only just started school 
or had been going for about two vears. 


The antitoxin content of the serum was titrated 
individually by means of the intracutaneous method 
described by Claus Jensen (18). The titrations 
were first made with a tenfold dilution and repeated 
*) The writers are grateful to Dr. Hee rup, County 
Medical Officer on the island of Funen, who by 
arranging for blood sampling in his area made it 
possible for us to include children from a diph- 
theria-free rural district in this investigation. 
J. Chr. Siim of the Bacteriological Department 
of this Institute has kindley informed us that the 
carrier rate in Copenhagen was 13 per cent in 
March-May 1944, 2.3 per cent in January 1945, and 
0.6 per cent in January 1950. 


3 


with a two-fold dilution. The toxin concentrations 
used for the final titration were 32 Lf/litre for all 
sera estimated to contain 0.1 of a unit or more by 
the preliminary tests, and 3.2 Lf/litre for all sera 
found to be below this value at the primary titration. 
0.1 ml of the former toxin concentration will be neu- 
tralised by 0.1 units of the international standard 
diphtheria antitoxin and 0.1 ml of the latter by 0.01 
units of this serum. 


Results: 

The results are shown in Tables 1 and 2. 

The mean antitoxin titres of the four groups 
are almost identical. The same applies to the 
distribution within the different antitoxin classes, 
except in one case, where there were significantly 
more children (P 1.2 per cent) in the older 
Copenhagen group with more than 1 unit per ml 
of their serum than in the corresponding age- 
group from Funen (Table 1). However, this dif- 
ference is not found in the two vounger groups 
(Table 2), nor do the percentages of children 
with more than 1 unit per ml vary more than 
might be incidental (P 11.7 per cent) within 
the two groups from Funen (group 2, Table 1, 
and group 4, Table 2). 

We have thus not been able to observe in this 
material a stabilizing influence of anv conse- 
quence on the level of immunity caused by the 
presumably greater chance of latent infection 
among the Copenhagen children. This was some- 
what surprising, since, latent infection is gener- 
ally believed to be one of the ways in which 
immunity is maintained. However, a similar ob- 
servation was made by Ramon and collabo- 
rators in 1930 (31). 

The antitoxin level found is very satisfactorv. 
More than two-thirds of the titres are between 
0.1 and 1 units, and what is of great importance 

in all the 305 children measurable quantities 
of antitoxin were demonstrated. Only one child 
had less than the assumed level for protection 
(0.01 AU), but the antitoxin content in this child 
was actually very close to the border-line, being 
0.008 units/ml. 
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The rather rough age classification used in 
Tables 1 and 2 gives no detailed information con- 
cerning a possible correlation between age at 
vaccination and duration of immunity, nor does 
it give any indication concerning a possible de- 
crease in titre over the period of three to four 
vears which the varying intervals between vac- 
cination and blood sampling enabled us to ex- 
amine in this investigation. In an attempt to corre- 
late these factors, all the data from Tables 1 
and 2 were summarized into a single table, this 
being feasible on account of the statistical uni- 
formity of the four groups. 

In Table 3 the age distribution at time of first 
vaccine injection is given in the first column. 
The three following columns show the geometric 
means of antitoxin values 4—5, 6—7 and 8-—9 
vears after the last injection. 


Table 3. 
Antitoxin means 4—9 gears after last (third) injection 
of diphtheria vaccine according to age at first injection 





. — Years after last (third) injection 
Age at first injection AU/ml _ (Geom mean) 


Years ” 
125 6-7 8—9 


—1 0.37 (11)* 0.22 (13) 
2—3 0.33 (8) 0.28 (52) 0.34 (11) 

5 0.34 (11) 0.28 (25) 048 (5) 

7 0.18 (12) 0.25 (87) 0.14 (4) 
8) 0.24 (49) 0.27 (17) 


Total. Geom.mean 0.25 (80) 0.27 (192) 0.26 (33) 





* Figures in brackets indicate number of children. 


The means show no significant variations and 
follow no uniform pattern. It would appear that 
a fairly stable level of antitoxin, where output 
and destruction seem almost to balance, is reached 
in four to five years or probably earlier, since we 
have found mean values of the same order of 
magnitude in an earlier investigation on other 
groups of children two to three years after vac- 
cination with the same type of vaccine (4). 

It can likewise be seen that, the age at vaccina- 
tion has no influence on the duration of im- 
munitvy. This is in accordance with the obser- 
vation of Benjamin et al. (2), who also found 
this to be the case for children vaccinated as 
»arly as about six months of age. 

From the point of view of diphtheria in very 
voung infants, it is important that vaccination 
should start as early as possible. Titration of 
blood samples from infants mainly from Copen- 
hagen showed that 65 per cent of 88 children 
between six and twelve months of age contained 
less than 0.01 units/ml and thus were badly or 
non-protected against diphtherial infection. The 
theory previously held that during the first 
months of the life infants do not form antitoxin 
as well as they do later, has been proved invalid 
by recent work (1, 8, 33, 40). Is was found 
that voung babies were excellent antitoxin pro- 


ducers, provided that the amount of antitoxin 
transmitted from the mother was not too high at 
the time of vaccination. The extent to which 
congenital antitoxin interferes with the antitoxin 
production is dependent on the type and dose of 
vaccine used. Barr et al. (1), using vaccination 
procedures resembling those of the writers, found 
that amounts over 0.1 units per ml significantly 
hampered the antitoxin production after vacci- 
nation. The above-mentioned antitoxin determi- 
nations on infants in Copenhagen disclosed that 
of 58 babies between four and seven months of 
age, only 3.5 per cent contained more than 0.1 
units per ml, whereas as many as 35 per cent of 
150 babies under four months of age were found 
to have over this level. 

Thus, as has been advocated in this country for 
some years, the earliest age at which to begin 
diphtheria vaccination would seem to be about 
4—5 months. Diphtheria vaccination at earlier 
ages may lead to less satisfactory results. 


DISCUSSION 

The duration and stability of the antitoxin pro- 
duction observed in the present investigation are 
in accordance with the results of Ramon and 
collaborators (31), but are in disagreement with 
the opinions of many others (i.a. 3, 13, 16) who 
report decreasing proportions of Schick-positive 
persons or decreasing antitoxin levels in the 
course of the years. Fraser and Halpern 
(13) state, however, that the rate of loss of anti- 
toxin becomes less rapid as time passes. By com- 
puting the geometrical means from the data given 
in their paper, it became evident that after a fall 
of about 50 per cent between the means 3 and 12 
months after the vaccination, the 12 months level 
remained almost unchanged for the next 12 to 
24 months. The three latter means were 0.09, 0.07 
and 0.07 units per ml respectively. Nor did the 
percentages of persons with titres less than 0.01 
units per ml differ significantly within this period 
(6, 7 and 4 per cent respectively). The same ap- 
plied to the proportion of Schick-positives in a 
group of 513 children observed by Benjamin 
et al (3) from one to eight years after vaccination. 
In another group comprising 832 children there 
were significantly more Schick-positives after 
five to six vears than before that time, but during 
the next four vears there was no significant in- 
crease and no uniform pattern in the vearly per- 
centages of non-protected. 

The results of these authors, therefore, would 
actually seem to confirm our own observations 
as to a relatively stabilized level after some years. 
In our investigations, this level seems to be some- 
what higher than found in the two papers just 
mentioned. 

CONCLUSION 

The present investigation of the antitoxin spec- 
trum after diphtheria immunisation in Denmark 
has shown that children immunised up to eight 
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to nine years previously still had an antitoxic 
immunity averaging about 0.25 units per ml, and 
thus must be considered protected against the 
usual types of diphtherial infection. 

All the 305 children tested contained measur- 
able amounts of antitoxin and only one had less 
than 0.01 units per ml of serum. 

The duration of immunity seemed to be inde- 
pendent of the epidemiological environment and 
thus entirely due to vaccination. 

It has proved unnecessary to include any fur- 
ther booster doses in the routine vaccination. 

It is our intention to examine the state of im- 
munity further by carrying out similar investiga- 
tions at intervals of some years to confirm that 
the antitoxin spectrum does not decrease below 
the critical level, and to be able to assemble fur- 
ther information concerning the long-term view 
of vaccination started during very early infancy 


with the combined diphtheria-tetanus vaccine 
now in use in this country. 

References: 

1) Barr, M., A. T. Glenny & K. J. Randall: Lancet, 


1950, Jan. 7: 6. 

2) Benjamin, B, G. Fleming & M. A. Ross: Am. J. 
Dis. Child. 1938, 55: 51. 

3) Benjamin, B, G. Fleming & M. A. Ross: Am. J. 
Dis. Child. 1940, 60: 1304. 

4) Bojlén, K. & 1. Scheibel: Ugesk. f. Lager 1941, 36: 
1143. 

5) Bousfield, G.: Lancet 1947, Dec. 13: 867. 

6) Bundesen, H. N., W. 1. Fishbein & J. L. White: 
J.A.M.A. 1939, 112: 1919. 

1) Dean, A.S. & S. Hyman: Am. J. Publ. Health 1938, 
28: 1170. 

8) Di Sant'Agnese, P. A.: Pediat. 1949, 3: 20. 

9) Dudley, S. F., P. M. May & J. A. O’Flynn: Med. 
Res. Council Spec. Rep. 1934, Ser. No. 195. 

10) Duke, H. L. & W. B. Stott: Brit. Med. J. 1943, 11: 


710. 
1) Ericsson, H. & L. Hesselvik: Acta pediat. 1953, 42: 
42. 


2) Faragó, F.: Deut. med. Wschr. 1942, 68: 137. 
13) Fraser, D. T. & K. C. Halpern: J. Immunol. 1937, 
33: 323. 


14) Fraser, D. T. & K.C. Halpern: Am. J. Publ. Health 
1940, 30 Suppl. No. 3, 44. 

15) Glenny, A. T. & K. Allen: J. Hyg. 1922, 21: 104. 

16) Jensen, Claus: C. R. Soc. Biol. 1931, 108: 577. 

17) Jensen, Claus: CG. R. Soc. Biol. 1931, 108: 539. 

18) Jensen, Claus: Acta path. et microbiol. Scandinav. 
1933, Suppl. 14. 

19) Lewis, J. T.: Brit. Med. J. 1940, 1: 728. 

20) Lewis, J. T.: Oxford University 
1941. 

21) Meersseman, F. & P. Renard: Presse med. 1935, 1: 
Jl. 

22) Miller, J.J. & M.L. Ryan: Pediatrics 1948, 1: 8. 

23) Mozer, M. & G. Mozer: Presse med. 1929, 17: 1543. 

24) Nevius, W. B. & A. C. McGrath: Am. J. Dis. Child. 

1940, 59: 1266. 

) O’Brien, R. A.: J. Path. & Bact. 1926, 29: 320. 

6) Pansing, H. H. & E. R. Shaffer: Am. J. Publ. 
Health 1936, 26: 786. 

27) Parish, H. J. & C. C. Okell: Lancet 1928, 11: 322. 

28) Parish, H. J. & J. Wright: Lancet 1938, 1: 882. 

29) Park, W. H.: J.A.M.A. 1937, 109: 1681. 

30) Phair, J. J.: Am. J. Hyg. 1942, 36: 283. 

31) Ramon, G., R. Debré, M. Mozer, G. Mozer & G. 
Pichot: Ann. Inst. Pasteur 1930, 45: 326. 

32) Rosling, H. E.: Zschr. f. Immunitätsf. 1929, 60: 
269. 

33) Ross, V.: Am. J. Dis. Child. 1949, 77: 450. 

34) Scheibel, I.: Acta path. et microbiol. Scandinav. 
1944, 21: 130. 

35) Schnitler, K. & A. 
43: 379. 


Press, London, 


Wormmes: Nord. Med. 1950, 


36) Schwartz, A. B. & F. R. Janney: J.A.M.A. 1938, 
110: 1743. 
37) Sigurjónsson, J.: Zschr. f. Hyg. u. Infektionskr. 


1940, 122: 189. 

38) Top, F. H.: Arch. Pediat. 1937, 54: 480. 

39) Tgnnesen, E. S.: Nord. Med. 1948, 40: 1789. 

40) Vahlquist, B, U. Murray & N. G. Persson: Acta 
Pædiat. 1948, 35: 130. 

41) Wergeland, H.: Nord. hyg. Tidskr. 1947, 28: 141. 

42) Wildführ, G.: Arch. Hyg. 1950, 133: 195. 

43) Wishardt, F. O. & M. R. Reid: Canad. J. 
Health 1947, 38: 131. 

14) Vogelsang, T. M.: J. Infect. Dis. 1949, 85: 17. 

45) Volk, V. K. & W. E. Bunney: Am. J. Publ. Health 
1942, 32: 690. 


Publ. 


ISOLATION OF A CANCER-SPECIFIC ANTIGEN 
By HELGE LUND 


The idea that a serum containing an antibody 
acting specifically on cancer cells might be pre- 
pared has been entertained since 1901 when CG. O. 
Jensen (1) in his fundamental experiments 
inmunized rabbits by means of carcinomatous 
tissue from mice. After the discovery by Lan d- 
steiner of the haptenic properties of carbohy- 
drates and lipids, the question of the specificity 


From the Institute of Hygiene, University of Copen- 
hagen. 
Chief: Professor Poul Bonnevie. 





of tumour lipids has been investigated by numer- 
ous authors (Witebsky (2), Hirszfeld & 
Halber (3), Lehmann, Facius & Toda 
(4), o. a). 

Although these investigations have not resulted 
in the discovery of any specific tumour antigen 
and thus have not been able to serve as a basis 
for any serological tumour diagnostics, the ob- 
servation regarding the antigenic properties of 
tumour lipids is still valid. It has thus been 
shown (Witebsky (2)) that alcohol extracts 
of tumour tissue from rats might be used as an 








74 DANISH MEDICAL BULLETIN 


Vol 2 no 3 








Fig. 1. 
Carcinoma cells before and after application of immune serum. 


antigen in complement-fixation reactions with 
serum from rabbits, which have been immunized 
with suspensions of tumour tissue from rats. The 
application of acetone and ether extracts produce 
similar results. 

It is remarbable that species-specific co-re- 
actions have often made themselves only slightly 
felt. The use of these extracts thus represents an 
advance towards the isolation of an antigen which 
is tumour-specific. From such an antigen it must, 
however, be required that it gives rise to the 
formation of an antibody which does not result 
in any fixation in normal organs and which, with- 
out any species-specificity, combines with tumour 
cells from different species. 

Thus, the antigen must occur in the tumour 
tissue only and must be identical irrespective of 
the animal species in which the tumour has been 
formed. 

The results obtained with these extracts of tu- 
mour lipids do not fulfil the above requirements, 
but there is no doubt, the possibilities have not 
been exhausted through the experiments hitherto 
made. In all these experiments the lipids have 
been extracted by means of organic solvents, and 
since it has proved impossible thereby to isolate 
desired antigen it seems reasonable to assume that 
the extraction method is at fault, i. e. the organic 
solvents produce alterations in the lipids causing 
the specificity to be wholly or partly lost. Assum- 
ing that the antigen is built up of complex sub- 
stances — e.g. lipoproteins it is thus the de- 
composition of the complexes which causes the 
loss of the specificity. If this is the case, future 
experiments on the antigenic properties of lipids 
or compounds containing lipids must be based on 
methods of extraction in which organic solvents 
are not used. 


THE PROTEOSE EXTRACTION METHOD 
In a previous work (5) it was found that an 
alkali hydrolysate of veast had an affinity for 
certain organic acids and lipids. As such a hydro- 
Iysate — in the following described as proteose 


-has an isoelectric point about pH 4.6 it is pos- 
sible within a pH range from 4.6 to 7.2 by re- 
peatedly precipitating, centrifuging, and redis- 
solving to isolate substances linked to the pro- 
teose. This method is very gentle since the only 
actions — besides the linkage to proteose — are 
pH displacements within the range in question. 

Since, moreover, proteose is without antigenic 
properties (6) a suitable method hereby presents 
itself for the study of the antigenic properties of 
lipids. 

Immunization was performed by intravenous 
injections on rabbits every 4th or 5th day; after 
2—3 weeks, antibodies will often have been 
formed in demonstrable quantities (6). This mani- 
fests itself as a cloudy swelling of the cells when 
acted upon by serum containing antibody, caused 
by a frequently very considerable edema of the 
protoplasm (fig. 1). This experiment may be 
done at room temperature or at 37° C, and the 
changes in the cells occur immediately on ex- 
posure to high-titred immune sera. 

The preparation of proteose and of tumour ex- 
tracts (the proteose extraction method) is de- 
scribed under the heading: Technique. 

Previous investigations (6) have shown that 
the reaction which is supposed to be an an- 
tigen-antibody reaction depends on the presence 
of active serum. Thus the action is discontinued 
on inactivation of the serum and is resumed on 
addition of complement. The action was observed 
in immune serum from 10 rabbits, while serum 
from 25 normal rabbits was found to be inactive. 
It should be added, however, that the experiments 
were made with relatively large quantities of cells 
(about 3 Xx 104 cells per. cu. mm.) which, as 
shown by subsequent experiments, reduces the 
sensitivity of the test considerably. 

The above investigations (6) further showed 
that intraperitoneal injection of rabbit immune 
serum (inactivated) in mice resulted in the ap- 
pearance of a complement-fixing antibody which 
could be detected in the mouse serum up to 3 
days after the last serum injection. This obser- 
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vation must be considered highly valuable, for it 
suggested that the antigen corresponding to the 
antibody did not occur in the normal mouse, and, 
further, that the antigen obtained was specific 
for ascites carcinoma. 

Since the antigen which is obtained by the 
proteose extraction method is possibly of lipoidal 
nature, an examination designed to ascertain 
possible identity or merely common character- 
istics between this antigen and other known 
lipoidal antigens was indicated. This problem has 
been investigated with respect to the Wassermann- 
antigen, and the Forssman antigen with the result 
that no common characteristics could be ascer- 
tained. Sera from rabbits immunized with pro- 
teose extracts of ascites carcinoma cells thus gave 
negative Wassermann and Kahn reactions, while 
adsorption experiments with sheep blood cor- 
puscles did not result in any alteration in the ac- 
tion of immune sera on carcinoma cells. The in- 
vestigations on this problem are described in the 
following. 

However, as mentioned above, before an antigen 
is recognized as being specific for the tumour, it 
must have been proved to be absolutely unaltered, 
irrespective of the species or breed from which 
the tumour originates, and the experiments to be 
described consequently include serological iden- 
titv tests with Ehrlich’s mouse ascites sarcinoma 
and Yoshida’s rat ascites sarcoma. 

The culture of Yoshida'’s rat ascites sarcoma 
has kindly been placed at our disposal by pro- 
fessor H. von Euler, Stockholm. From both of 
these tumour types the antigen has been obtained 
by the proteose extraction method, and following 
immunization of rabbits, immune serum has been 
tested against both cell types. The investigation 
has been based partly on complement fixation 
reactions and partly on the morphological re- 
action. 


SERUM FROM RABBITS IMMUNIZED BY 
MOUSE-CARCINOMA CELLS 
On the examination of the complement fixation 
of an anti-carcinoma serum to carcinoma and 
sarcoma cells, fixation was found to take place 
to both cell types, as shown in Table I. 


Table I 
Results of complement fixation between anti-mouse- 
carcinoma serum to mouse carcinoma cells and rat 
sarcoma cells. 


5 ml-method“* (2 x 105 cells) 


* 





Serum dilution: … . Mie Wss Ys 100 soo Pao „oo 


Carcinoma cells: …. 0 0 0 0 40 80 100 
Sarcoma cells: . . . .. 0 10 40 100 100 100 100 





It will further be seen from the table that the 
titre towards the carcinoma cells is considerably 
higher than towards the sarcoma cells. The result 
was the same when immune serum from two 
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other rabbits was used. This observation shows 
that it is not the presence of mouse species anti- 
bodies which is demonstrated. Adsorption ex- 
periments were used to illustrate this. 

The significance of the positive fixation to sar- 
coma cells was now examined by means of ad- 
sorption experiments. Adsorption experiments 
were made with both cell types, and the comple- 
ment fixation of the two adsorbed serum samples 
as to sarcome cells was 


to carcinoma as well 


determined. 


Adsorption of anti-carcinoma serum by means of 
carcinoma and sarcoma cells. 


Method: 
To 2 ml of serum were added 8 ml cell suspension 
containing 10% cells per cu. mm ( 4 X 107 eells 


per ml serum) and 10 ml buffered-saline (0.9 % 
saline at pH 7.38). The cell suspension was allowed 
to stand at 37° for holf an hour and at 18° for an- 
other half hour and frequently shaken. The cells were 
separated by centrifugation. The supernatant serum 
which is taken to have been diluted to !/:o in the 
adsorption experiment was now tested for complement 
fixation to the two cell types. 


Table 11 
Titre determination according to the ”5 ml-method“ 
(2 rx 105 cells) following adsorption of anti-carcinoma 
serum by carcinoma and sarcoma cells. 
Serum from rabbit No. 3. Venesection Oct. 5th. 
Immune serum adsorbed by carcinoma cells. 





Serum dilution vee : io 25 5 100 


cannes 80 90 100 100 
——— 90 100 100 100 


Carcinoma cells: 
Sarcoma cells: 





Immune serum adsorbed by sarcoma cells. 











Serum dilution . N ' 1/10 las 153 Hon 
Carcimona cells: ...... 90 100 100 100 
Sarcoma cells: .......... 100 100 100 100 





As it appears from table II all antibodies to 
both cell types were eliminated by the adsorption, 
irrespective of the cell type used for the adsorp- 
tion. This adsorption experiment, which when 
repeated gave the same result, was supplemented 
by adsorption experiments made with erythro- 
cytes (the expression erythocytes is not quite 
correct, as it here covers all the cell types oc- 
rurring in the blood) from mice and with white 
blood corpuscles from mice and rats. 


Adsorption of anti-carcinoma serum by means of 
erythrocytes from mice. 
Method: 

A healthy mouse was anaesthetized with ether, the 
right carotid was isolated and cut through. Blood 
about 1 ml was withdrawn by aspiration with a 
glass syringe and was immediately emptied into 200 
ml saline. Following centrifugation and decanting of 
the supernatant, the blood corpuscles were suspended 
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in 10 ml saline, 2 ml immune serum was added, and 
the suspension was diluted to 20 ml with saline. 
Adsorption was now performed at 37° C for half 
an hour, and the blood cells were removed by centri- 
fugation. By the adsorption experiment the above 
serum was assumed to have been diluted to 1/70. 


Table II 
Titre determination according to the ”5 ml-method“ 
(2 x 105 cells) following adsorption of immune 
serum by mouse erythrocytes. 


Serum from rabbit No. 3. Venesection Oct. 5th. 





BAER GMR. eeen eenen 1/so iss Iso Iseo 
Carcinoma cells: .…....... 0 0 0 60 
DER OE raes are es 10 60 100 100 





As it appears from table III, adsorption by 
means of erythrocytes in a quantity corresponding 
to about 1 ml of blood has not eliminated the anti- 
body action in 2 ml immune serum on carcinoma 
and sarcoma cells, but only resulted in a slight 
reduction of the titre. This reduction is presum- 
ably due to the presence of species-specific anti- 
body occurring together with the tumour-specific 
antibody. Anticarcinoma rabbit serum has in 
previous experiments always contained hemolysin 
towards mouse erythrocytes. In adsorption expe- 
riments, as those described here, it was possible 
to remove all hemolysin, resulting in a slight or 
no alteration in the titre towards carcinoma cells. 


Adsorption of immune serum by means of white 
blood corpuscles from rats and mice. 
Method: 

The white blood corpuscles were obtained in the 
form of exudate cells from the peritoneal cavity 3 
to 6 hours after an intraperitoneal injection of saline 
(10 ml for rats and 2 ml for mice). The animals were 
killed by means of ether inhalation, the peritoneum 
was exposed and suitable quantities of saline were 
injected and aspirated several times. The saline used 
for this purpose was heated to 37° CG, and the whole 
of the following procedure was performed at 37° C. 
After aspiration the cells were washed and centri- 
fugated in saline and after suspension in saline and 
counting, the number of cells adjusted at 104 per cu. 
mm. The adsorption was performed with 4 Xx 107 
leucocytes per ml serum. 


Table IV 
Titre determination toward carcinoma cells according 
to the ”5 ml-method“ (2 x 105 cells) following 
adsorption of anti-carcinoma serum by leucocytes 
Titre of non-adsorbed immune serum 





' 
1/10 Is 1/so 1/s00 1]soo 








0 0 0 0 80 





Titre following adsorption by means of 4 « 10* rats 
leucocytes per. ml immune serum 








As it appears from Table IV adsorption by 
means of rat leucocytes has not altered the titre 
towards carcinoma cells. A similar result is ob- 
tained following adsorption by means of mouse 
leucocytes. 

It appears from the above experiments that a 
sarcinoma immune serum produces complement 
fixation both to the homologous mouse carcinoma 
cells and to the heterologous rat sarcoma cells, 
and that this immune serum may be deprived of 
its complement fixing antibody to both cell types, 
irrespective of whether the adsorption is per- 
formed by means of the homologous or the hete- 
rologous cancer cells. Adsorption by means of 
homologous erythrocytes or by means of homo- 
logous or heterologous white blood corpuscles on 
the other hand resulted in a slight reduction of 
the titre if any. There is thus a certain basis for 
the assumption that mouse carcinoma cells and 
rat sarcoma cells contain the same antigen, and 
that this antigen is not present in normal cells. 

Since it is thus assumed that the antigen is 
common to, and specific for, carcinoma and sar- 
coma cells, it may seem strange that the titre of 
immune serum towards the homologous cancer 
cells is considerably higher than towards the 
heterologous cells. This might be ascribed to 
species specific reactions, influencing the experi- 
ments with the homologous cancer cells, but the 
reason proved to be different, as the difference in 
the titre disappeared, when the complement fixa- 
tion experiments were based, not on identical 
cell counts, but on optimum cell counts. 


Complement fixation with optimum cell counts. 

The experiments were made within a range of 
cell counts from 5x 104 to 13 x 106, distributed 
in 9 series, the complement fixation ability of 
which were tested to a carcinoma immune serum 
in dilutions from 1/19 to 1/s00. 


Table V 


The influence of the cell count on the titre of serum, 
determined for carcinoma cells towards anti carcinoma 
serum according to the ”5 ml-method“. 











Cell-counts .......… 1/0 1fss Iseo  */ioo ijsco Hee Yao 
BEN anna 100 100 100 100 100 100 100 
BNN senan 100 100 100 100 100 100 100 
NNS. Kane 0 50 100 100 100 100 100 
BNS Oos 0 0 0 0 30 100 100 
DEN wenen 0 û 0 0 Q 30 100 
AEN 0 0 0 0 0 10 50 
DEN. ots 0 0 0 0 0 10 50 
EMS aannee 0 0 0 0 0 50 100 
BEREN aanne 0 0 0 0 0 50 100 





As it appears from Table V the highest titre is 
obtained for carcinoma cells in the case of cell 
counts between 16 x 10 5 and 32 x 105, while 
the titre obtained with the cell counts 2 x 105 
used in the experiments made hitherto is only 
1/10. Optimum cell count for complement fixation 
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in the case of sarcoma cells were determined in 
a similar manner. For this purpose sarcoma im- 
mune serum was used, and, as it appears from 
Table VI, optimum cell count in this case is 
5 Xx 106. The immune serum used, which was 
comparatively weak, did not vield complement 
fixation at cell counts below 8 x 105. 


Table VI 
The influence of the cell count on the titre of serum 
determined for sarcoma cells towards anti-sarcoma 
serum according to the "5 ml-method“. 








Cell-counts ..... 1fos 1/50 1/s00 1/apo 1/00 1/800 1/4800 
DEK aan 100 100 100 100 100 100 100 
— aren 100 100 100 100 100 100 100 
EN ens 100 100 100 100 100 100 100 
BMS Osse 100 100 100 100 100 100 100 


BOER nen 80 100 100 100 100 100 100 
— 30 80 100 100 100 100 100 
— 0 0 0 0 30 100 100 
NS Oee 0 0 0 0 0 20 100 
128 x 105 0 0 0 0 0 10 100 
26 xXx 105 0 0 0 0 0 10 100 
512 x105 0 0 0 0 0 50 100 





Thus it appears from these experiments that 
the use of a cell count of only 2 x 105 will greatly 
favour the titre for the carcinoma cells, and it 
was consequently of interest to determine the 
titre of an immune serum towards optimum num- 
bers of carcinoma and sarcoma cells. For this 
purpose a carcinoma immune serum was used, 
and as it will appear from table VII the same 
titre — 1/s00 is now found for carcinoma as 
well as for sarcoma cells. The difference in titre 
between the two cells types found previously has 
thus been eliminated. 


Table VII 
Complement fixation with optimal cell-counts. 
Anti-carcinoma serum. 





2 
ss 8 8 8 ES 
Carcinoma cells 25 105 0 0 0 0 0 0 60 


Sarcoma cells: 25 X106 0 0 0 0 0 0 60 





Table 


The titre of carcinoma immune serum before and 
after adsorption experiments with sheep blood 
corpuscles. 

As previously mentioned, there was a possibi- 
lity that Forssman antigen and the antigen isolat- 
ed from mouse carcinoma cells were identical. 
Since sheep blood corpuscles contain the Forss- 
man antigen and further lend themselves readily 
to fixation experiments, the titres of two carci- 
noma immune sera were determined, before and 
after attempts at adsorption with sheep erythro- 
cytes, using carcinoma and sarcoma cells as in- 
dicators. 


Method: 

To 5 ml carcinoma immune serum, dilution */10o, 
were added 5 ml 20 % sheep erythrocytes (blank 
test: 5 ml buffered saline), and the serum was set 
aside on a water-bath at 37° C for three quarters of 
an hour. Following centrifugation, the serum was 
titrated according to the morphological method with 
carcinoma and sarcoma cells as indicators. A small 
quantity of the sedimented blood corpuscles was 
suspended in buffered-saline and excess of comple- 
ment was added, the suspension was set aside at 
37° C for half-an-hour and centrifugated. 


In case of both carcinoma immune sera, the 
hemolysis found was fairly low in relation to the 
blood corpuscle sediment, corresponding to a 
moderate sensitization of the sheep erythrocytes. 
When titrated with carcinoma and sarcoma cells 
as indicators, both immune sera proved to remain 
uninfluenced by adsorption (Table VIII). The 
result of the examination is thus that Forssman 
antigen can only be present to a slight degree in 
the antigen extracted by the proteose method 
from mouse carcinoma cells. 


SERUM FROM RABBITS IMMUNIZED BY 
RAT SARCOMA CELLS 

After the results obtained with anti-carcinoma 
sera it would be of great interest to examine the 
behaviour of anti-sarcoma serum against carci- 
noma and sarcoma cells. 

The preparation of antigen and the immuniza- 
tion was done as already described, and the sera 
obtained were used in inactivated condition. For 


VIII 


Titre of carcinoma immune sera*) before and after adsorption with sheep blood corpuscles, determined by 
the morphological method against carcinoma and sarcoma cells. 





Before: 
1/200 1/400 1/800 1/1600 1/3200 

Serum 46. 

Carcinoma cells: HH 4 H 44 , 

Sarcoma cells: oe + Hd + 444 44 

Serum 47. 

Carcinoma cells: Bede ilk kde bs ilk 

Sarcoma cells: Hd + Td + + 4 + 


After: 


1/200 1/400 1/800 1/1600 _ 1/3200 





*) The antigen applied for immunization has been prepared according to the proteose extraction method, 


rs B 
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Table IX 











Titre of anti-sarcoma sera*) with carcinoma and sarcoma cells as izdicators. Morphological method. 
Serum 48: 

1/10 1/20 1/40 1/80 1/160 1/320 1/64 1/1280 1/2500 1/5000 
Carcinoma cells: 
Sarcoma cells: 

444 ded 4 4 (+) 4 

Serum 49: 

1/10 1/20 1/40 1/80 1/160 1/320 1/640 1/1280 1/2500 1/5000 


Carcinoma cells: 


Sarcoma cells: 





*) The antigen applied for immunization has been 


pit =: 8.3. 


the purpose of this investigation the morphologi- 
cal method was used, and the titre was deter- 
mined to carcinoma as well as to sarcoma cells. 

The sensitivity of the morphological method is 
very nearly the same as that of the complement 
fixation method (see a later section). 

On examination of two anti-sarcoma 
both proved to have high titres (1/2500) towards 


sera, 


sarcoma cells, while with carcinoma cells no 
positive result was obtained, even with the 
highest serum concentration (1/10). (Table IX). 


The negative result in the case of carcinoma cells 
was not due to lack of complement, because an 
increase to twice the original amount (0.2 ml) of 
the complement added did not alter the result. 
Loss of reactivity on the part of the carcinoma 
cells was not the reason either, because a strong 
reaction (+ ++) was obtained in control tubes 


with anti-carcinoma serum. Thus, there can be 
no doubt about the result, which represents a 
fundamental deviation from that obtained with 


anti-carcinoma sera. 

The specificity of the anti-sarcoma serum was 
then tested by adsorption to rat leucocytes. The 
experiment was made as described previously, 
using 4 x 107 leucocytes per ml serum. The result 
appears from Table X, which shows that the ad- 
sorption has not altered the titre. 

It seems that the carcinoma and sarcoma cells 
each have their own individual antigen, and that 


prepared according to the proteose extraction method, 


the sarcoma cells in addition possess the car- 
cinoma antigen in a form which is able to fix 
antibody, but not to form antibody (haptene). 


Determination of titre by morphological 
eramination. 

The manner in which this reaction is perfor- 
med has been altered, as it has been proved to 
be more convenient to add complement before 
the centrifugation of the cells. The agglutination 
which often occurs, and which may become per- 
manent when subjected to centrifugation, may 
otherwise result in the formation of large, solid 
cell clumps, so that the morphological reaction 
can only be observed in the few remaining free 
cells. 


Method: 

To 1 ml of diluted serum was added 0.02 ml of a 
cell suspension containing 104 cells per cu. mm. This 
105 — applies in the case of both 
sarcoma cells). 


cell count 2 
cell types (carcinoma cells and 

The suspension was set aside for half an hour in 
a water bath at 37° C, and 0.1 ml of undiluted com- 
plement was added. A blank test was run, in which 
the same quantity of complement, which had been in- 
activated for half an hour at 56° C, was added. Follow- 
ing 10 min. at 37° C, the suspension was centrifu- 
gated and the supernatant was decanted as complete- 
ly as possible. The cells were suspended in the re- 


maining liquid and viewed under the microscope. 


Table X 


Titre of anti-sarcoma sera following adsorption to 


rat leucocytes. Determined by means of sarcoma cells. 


Morphological method. 





1/10 1/20 1/40 1/80 1/160 


Serum 48: 


Serum 49: 


4 ke ale ok — 444 4 —44 


same sample of serum as in Table 8. 


1/320 1/640 1/1280 1/2500 1/5000 
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A positive reaction — edema of protoplasm — was 
always dependent on the presence of active comple- 
ment. 


The results are denoted as follows: 
+++ All or nearly all of the cells 
display edema of protoplasm 
++ About half of the cells 
display edema of protoplasm 
+ A small number (1/10) of the cells 
display edema of protoplasm 
— None or very few cells 
display edéma of protoplasm 


COMPLEMENT FIXATION REACTION WITH 
CARCINOMA CELLS AND SARCOMA CELLS 
ACCORDING TO THE MICRO-METHOD. 

The method used in the above experiments (the 
“5 ml method”) requires that the cells be washed 
after being sensitized to eliminate any effect on 
the titre of the auto-inhibition of the serum 
sample. However, the method is rather cumber- 
some and consequently not very convenient for 
serial examinations, for which purpose a simpler 
method would be preferable. For this reason, the 
method described in the following (the “0.1 ml 
method”) has been devised. It is not suitable for 
serum samples exhibiting auto-inhibition, but 
since the titration has always been made against 
inactivated sera, it will only be in exceptional 
cases that the method cannot be used. The cancer 
cells have as mentioned previously — never 
exhibited auto-inhibition. 





Comparative titrations were made according to 
the two methods, both with carcinoma cells and 
with sarcoma cells. The results appear from 
Table XI. The morphological reaction was tested 
at the same time. 

A comparison of the three methods show that 
the sensitivity is almost identical in the three 
cases. It will further be seen as previously ob- 
served — that the titre of an anti-carcinoma 
serum is the same, whether mouse carcinoma 
cells or rat sarcoma cells have been used for the 
determination. 


Table XI 
Comparison between titre determinations made ac- 
cording to the “5 ml-method”, the “0.1 ml-method” 
and the morphological method. The titre of the same 
anti-carcinoma serum has been determined against 
carcinoma cells, and sarcoma cells. 





Carcinoma cells: 1/400 1/800 1/1600 1/3200 


“5 ml-method“ ...... 0 60 100 


“0.1 ml-method“ … 0 0 40 80 
Morphol. method .. .. Jd 4 Ea (+) * 
Sarcoma cells: 

1/400 1/800 1/1600 1/3200 
“5 ml-method“* ...... 0 60 80 100 
“0.1 ml-method“* ….. 0 10 30 50 
Morphol. method .. .. + (+) — 
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TECHNIQUE 

For the preparation of proteose solutions it is 
convenient to prepare a solution of the weighed- 
out quantity of proteose in saline, and then add 
0.31 N NaOH to slightly alkaline reaction; the 
proteose will now dissolve at room temperature, 
and the pH may be adjusted at 7.2 by the addition 
of 0.31 N HCI. 


Preparation of Tumour Extract 
(The Proteose Extraction Method). 

The initial material always consisted of live, 
undamaged cells, as they occur in ZEhhlich’s 
mouse ascites carcinoma and in Yoshida's rat 
ascites sarcoma. The animals were killed by ether 
inhalation, and 200—-400 ml of saline were added 
to the aspirated ascites fluid (30—80 ml), which 
was centrifugated. Prior to the extraction, ery— 
throcytes, which are often present in large quan- 
tities, must be removed from the ascites cells. 
This is done by differential centrifugation. (The 
method is described in principle by Hoge- 
boom, Schneider & Pallade (7)). For 
the differential centrifugation a saccharose solu- 
tion was used (500 g sucrose dissolved in saline 
to make a volume of 1000 ml), the specific 
gravity of which is between that of the cancer 
cells and the erythrocytes. 

The sedimented cells are stirred carefully be- 
fore the sucrose solution is added, the addition 
being in the beginning made dropwise so as to 
produce a uniform cell suspension with a volume 
of about 200 ml. The erythrocytes remain in 
suspension, while the cancer cells are sedimented 
by centrifugation. In the case of highly hemor- 
rhagic ascites the differential centrifugation is 
repeated. 

The cells are now suspended in 100—200 ml 
saline, in which 100—200 mg NaHCO and 0.5-—1 g 
proteose have been dissolved, and to which 0.31 
N NaOH has been added to make a pH about 8.7. 
The mixture is stirred mechanically in a water- 
bath at about 35° C for two hours, and is then 
set aside in the refrigerator (about + 3° C) for 
16—18 hours, followed by centrifugation. 

The above extract was repeatedly precipitated, 
centrifugated and redissolved as described in 
connection with the preparation of proteose. Fol- 
lowing the third precipitation a suspension was 
made in 15—30 ml saline, and 0.31 N NaOH was 
added to adjust pH at 7.2. This resulted in 
complete solution. The extract was of a light 
brown colour and slightly turbid. It was stored 
in the refrigerator. 

The preparation of the tumour extracts has 
been subject to a certain instabilitv, in so far as 
the extracts vielded have in some cases been 
without antigenic action. The reason for this 
sannot as vet be stated with certainty. According 
to recent experiments, it is probable however, 
that the explanation may be found in the pH 
value of the solvent used for the extraction. Ex- 
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tracts made at pH — 7.7 were not able to provoke 
antibody formation in rabbits, while extracts 
made at pH — 8.7 resulted in antibody formation. 


Complement Fixation Reaction with Carcinoma 
and Sarcoma Cells. 

Composition of buffered saline: 33.75 g NaCl + 
454 g KH2PO4 23.75 g Na2HPO4,2H20 + 437.9 ml 
distilled water. The solution was filtered, boiled for a 
short time and stored in the refrigerator. pH about 
1.38. One part of stock solution is added to 9 parts 
of distilled water, and one part of the resulting solu- 
tion + 2 parts of saline was in the following de- 
scribed as buffered saline. 

Sensitization of blood corpuscles from sheep was 
performed by means of an excess of Forssman anti- 
body at 37° C for 10 min, the blood corpuscles being 
subsequently washed and centrifugated three times 
with buffered saline. After the last centrifugation the 
supernatant was colourless. The sedimented, sensi- 
tized blood corpuscles were resuspended in 20 parts 
of buffered saline. 

Complement titration: 
complement in a total volume of 0.3 ml were added 
to a series of 10 test tubes, which were set aside for 
half an hour at 37° GC, and 0.2 ml of the suspension 
of sensitized blood corpuscles were added to each 
sample. After incubation for 3% hours the results were 
read. Minimum quantity of complement which pro- 
duces complete hemolysis was used as complement 


Decreasing quantities of 


titre. 

Controls: Cell suspensions and immune serum were 
tested for anticomplementary effect. This has only 
occurred with old sera and never with ascites carcino- 
ma cells or ascites sarcoma cells. 

Sensibilization of blood corpuscles, complement ti- 
tration and controls for auto-inhibition were per- 
formed in connection with each experiment. 

Preparation of ascites-carcinoma cells and sarcoma 
cells: The necessary amount of ascites fluid was 
aspirated from the peritoneum and at once emptied 
into about 200 ml saline. Following centrifugation the 
cells were suspended, the cell count was determined 
by means of a counting chamber, and sufficient saline 
was added to make a suspension containing 104 cells 
per cu. mm. 


€ 


Technique of the “5 ml method”. 

For these experiments 12 ml centrifuge tubes 
with a mark denoting 0.3 ml were used. The cen- 
trifuge tubes must not be too sharply pointed, 
since it must be possible after sedimentation to 
bring the cells in suspension again. 

To 5 ml serum or diluted serum in the cen- 
trifuge tube was added 0.002 ml of cell suspen- 
sion, which means that 2 x 105 cells have been 
added to each tube. The tubes were incubated 
at 37° C for half an hour (sensitization). After 
centrifugation the supernatant was carefully de- 
canted, the cells were resuspended and sedimen- 
ted by centrifugation in 10 ml buffered salinec. 
Following decanting of all the supernatant, the 
cells were brought into suspension carefully. For 
this purpose a thin glass rod was used (one glass 
rod for each tube). Now the necessary amount of 
complement was added, and the suspension was 


diluted to make a volume of 0.3 ml with buffered 
saline, and the tubes were allowed to incubate at 
37° C in a water bath for half an hour (subse- 
quent experiments have shown that a period of 
1 hour results in a more complete fixation). Now 
0.2 ml of sensitized blood corpuscles were added 
Gwithout centrifugation), and after incubation 
for % hour at 37° C centrifugation was again 
carried out, and the per cent of hemolysis was 
read. 

Colour scale: For the reading of the percentage 
of hemolysis a colour scale was used. A fresh 
colour scale was prepared every day. For this 
purpose a number of completely hemolysed 
samples (at least 3) were used. The sample were 
mixed and from the mixture the following quan- 
tities were withdrawn: 


1. 0.5 ml mixture to which was added 0.0 ml 
dist. water — 100 % hemolysis 

II. 0.3 ml mixture to which was added 0.2 ml 
dist. water 60 % hemolysis 

HI. 0.2 ml mixture to which was added 0.3 ml 
dist. water — 40 % hemolysis 

IV. 0.1 ml mixture to which was added 0.4 ml 
dist. water 20 % hemolysis 

V. 0.0 ml mixture to which was added 0.5 ml 


— 


dist. water — 0 % hemolysis 


Technige of the ”0.1 ml method“. 

Optimum cell counts for this method have been 
found to be considerably higher than in the case 
of the ”5 ml method“ namely 1,5 x 10 (7) carci- 
noma cells and 2 x 10 (7) sarcoma cells. From 
a suspension of washed cells, adjusted at 10 (4) 
cells per cu. mm, portions of 1.5 ml of 2 ml were 
transferred into a number of centrifuge tubes. 
The cells were sedimented by centrifugation, and 
the supernatant decanted. The cells were suspend- 
ed thoroughly in the remaining fluid, and the 
tubes were numbered. 


A series of diluted sera were prepared: 
I. serum, undiluted 0.1 ml was added to tube | 
IL. serum 0.1 ml + buffered saline 0.1 ml 0.1 ml 
was added to tube I 
III. 0.1 ml from IL + buffered saline 0.1 ml 0.1 ml 
was added to tube II 
IV. 0.1 ml from III + buffered saline 0.1 ml 0.1 ml 
was added to tube IV 

etc. 


To all tubes complement was now added (acc. 
to titre) and buffered saline to make a volume of 
0.3 ml. The tubes were incubated at 37° C and 
shaken every 15 min. After 1 hour the sensitized 
blood corpuscles were added, and after 45 min. 
at 37° C the tubes were submitted to centrifuga- 
tion. The percentage of hemolysis was read 
against a freshly prepared colour scale. 

For comparison of the titres according to the 
two methods, the following absolute serum quan- 
tities were used. 
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”5 ml method“ ”0.1 ml method“ 


1/10 = 0.5 ml 


1/25 — 0.2 » 

1/50 = 01 » corresponds to Ì = 0.1 mi 
1/100 —= 0.05 » » » HI —= 0.05 » 
1/200 = 0.025 » » » III = 0.025 » 
1/400 = 0.013 » » » IV =0.013 » 
1/800 —= 0.006 » » » V —= 0.006 » 


etc. 
DISCUSSION 

The fundamental part of the present work is 
the application of a proteose solution for the iso- 
lation of antigens in which lipoids or lipopro- 
teins must be assumed to be the carriers of the 
specificity. 

Previous investigations (6} have shown that bv 
extraction of mouse ascites carcinoma cells, an 
antigenic substance is fixed by the proteose of the 
solution, as injection of the latter into rabbits 
results in the formation of a complement-fixing 
antibody against ascites carcinoma cells. Further- 
more, it has also been found previously that serum 
from mice that have been-given intraperitoneal 
injections of rabbit immune serum contains com- 
plement-fixing antibody against ascites carcinoma 
cells in effective quantities for a period up to 3 
days following the last injection. 

The present investigation has shown that an 
anti-carcinoma serum exhibits complement fixa- 
tion with homologous carcinoma cells as well as 
heterologous sarcoma cells. When optimum cell 
counts are used, identical titres for both cell 
types are found. In adsorption experiments it is 
demonstrated that all anti-carcinoma antibody is 
removed from the serum, irrespective of whether 
homologous carcinoma or heterologous sarcoma 
cells are used, while leucocytes do not remove 
the antibody. As the experiments with leucocytes 
have been made with cell numbers only of 4 x 107 
per ml immune serum, it cannot be stated that 
leucoeytes show no adsorption at all of the anti- 
bodies. The experiments have, however, shown 
that when cell numbers of 4 x 107 per ml immune 
serum are used, carcinoma and sarcoma cells will 
adsorb practically all the antibody, while leuco- 
cytes adsorb only very small quantities, if any. 
Regarding erythrocytes the same seems to apply, 
as the hemolytic antibody which always is present 
in sera from rabbits immunized by ascites carci- 
noma may be completely removed by adsorption 
to the homologous mouse erythrocytes, without 
altering of the titre against the carcinoma cells. 

The earlier observations have thus been con- 
firmed by the complement fixation experiments. 
In addition, it has been demonstrated that rat 
sarcoma cells show the same antibody fixation 
and the same morphological reaction as the homo- 
logous mouse carcinoma cells. Thus, the require- 
ments as to identity irrespective of the animal 
species and the malignant growth from which 
the antigen originates seem to have been fulfill- 
ed in the present experiments. 


Experiments with anti-sarcoma serum, how- 
ever, give results which differ from those obtain- 
ed with anti-carcinoma serum. While the anti- 
carcinoma serum was equally active against 
sarcinoma and sarcoma cells and displayed iden- 
tical complement fixation titre, the anti-sarcoma 
serum showed only an antibody action against 
sarcoma cells; in spite of the fact that the im- 
mune sera used had high titres in relation to 
sarcoma cells, no action against carcinoma cells 
was observed. 

Nevertheless, the experiments with anti-car- 
cinoma serum have shown that some form of 
serological identity between carcinoma and sar- 
coma cells must exist. It may perhaps be as- 
sumed that although the carcinoma cells and 
the sarcoma cells each have their own specific 
antigen, the sarcoma cells moreover possess a 
hapten corresponding to the antigen of the car- 
cinoma cells. This assumption would explain 
the fact that sarcoma cells react with an anti- 
carcinoma serum, and that an anti-sarcoma serum 
reacts only with sarcoma cells. If this explana- 
tion is valid, the carcinoma antigen or antigen 
complex (partial antigens) must be quantitatively 
represented in the sarcoma cells, since these cells 
are able quantitatively to exhaust an anti-carci- 
noma serum. 

It would, perhaps, be more natural to assume 
that the genuine sarcoma cells contain the same 
antigen as the carcinoma cells, but that in the 
sarcoma cells the antigen is present in a more 
labile condition, and consequently during the 
preparation is reduced so as to be able only to 
fix antibody. Of importance may be the above 
mentioned difficulties in the preparation of the 
antigen, where extraction at pH 7.7 gave no 
active antigen, while extraction at pH 8.7 did. 
As the examined anti-sarcoma sera have been 
produced by antigens gained by extraction at pH 
8.7, it is possible that this pH value is too high, 
and that extraction at a slightly lower pH would 
produce a sarcoma antigen which was identical 
with the carcinoma antigen. 

With a view to continued investigations, this 
problem should be examined in order to arrive 
at a method of antigen preparation which, as far 
as posible, does not reduce the antigenic capacity. 
Only then would it be possible to ascertain the 
extent to which the antigen is present in malign- 
ant tumours from other mammals than those 
examined in the present investigation. Should the 
antigen exist in malignant tumours of rabbits, 
the present experiments may be a vaccination of 
rabbits against cancer. 


SUMMARY 
Antigens have been obtained from ZEhrlich's 
ascites carcinoma in mice and from Yoshida’s 
ascites sarcoma in rats by means of the proteose 
extraction method. 
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The antigen is not identical with the Wasser- 
mann or the Forssman antigen, and appears to 
be completely different from these. 

Anti-carcinoma sera give morphological reac- 
tion and complement fixation with carcinoma 
cells and sarcoma cells alike. 

Applying optimal numbers, the titre of anti- 
carcinomâ sera is found to be the same with 
carcinoma cells as with sarcoma cells, and very 
close to the titre found by means of the morpho- 
logical test. 

All antibody is removed from anti-carcinoma 
sera by adsorption to carcinoma or sarcoma cells, 
while mouse erythrocytes or leucocytes from mice 
or rats give no, or only a slight, reduction in the 
titre. 

Anti-sarcoma sera give reaction (morphologi- 
cal) only with sarcoma cells. As sarcoma cells fix 
carcinoma antibody, the carcinoma antigen pre- 
sumably occurs in sarcoma cells as a hapten. 
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INCIDENCE OF THROMBOEMBOLISM 
IN SURGICAL PATIENTS MOBILIZED EARLY 


RESULTS OF HEPARIN TREATMENT 


By HENNING PAABY 


In 1950, Andreassen & Hgjensgârd 
(1) published the resuits of early mobilization as 
a prophylactic measure against embolic compli- 
sations in a 5-year material from 19421947 
from Surgical Department C, The University 
Hospital, Copenhagen. The authors concluded 
that despite early mobilization, a considerable 
number of emholi were encountered which were 
not preceded by pre-embolic symptoms, i.e. un- 
preventable by anticoagulant treatment and that 
these emboli without prodromal symptoms in 
the material of patients mobilized early caused 
a greater mortality than did the emboli in which 
pre-embolic symptoms occurred. For comparison, 
results are published in the present paper of 
carly mobilization of all patients combined with 
heparin therapy in those cases where thrombo- 
embolic complications (TE) occurred. Heparin 
was administered according to the principles 
laid down by Bauer and his co-workers (3) as 
soon as the first symptoms became apparent. 
Routine prophylaxis with anticoagulant substan- 
ces (as indicated by Dahl-Iversen & Ther- 
kelsen (7), Nielsen (15), Bauer et al. 
(3), Olovson (17) and Sgrensen (18) 


From Surgical Department C, The University Hospital 
(Rigshospitalet), Copenhagen. Head: Professor ZE. 


Dahl-lversen. 


among others), with treatment of all patients 
postoperatively, was not emploved. 

In a surgical department, TE are important 
complications but the incidence has frequently 
been stated to be similar in medical departments 
(2, 10). Ochsner (16) states that 30 per cent. 
of all post-operative deaths are due to pulmonary 
embolism while for example McCartney (13) 
gives the corresponding figure as 5.3 per cent. 
The indications for early mobilization and anti- 
prevention of the 
prevention of 


coagulant therapy are: 1) 
development of thrombosis, 2) 
complicating pulmonary embolism and 3) pre- 
vention of the late seauelae of thrombosis of the 
lower limbs. The value of energetic prophylaxis 
of this last complication is demonstrated in 
works by Bauer & Jorpes (4, 5, 12) but no 
attempt has been made to illustrate this in the 
present paper as our period of observation is 
still too short. Early mobilization is probably 
effective as prophylaxis of all three factors while 
anticoagulant therapy as employd in our material 
is only effective against the two last mentioned 
factors. 

As shown in table 1, the present material 
comprizes 10,883 patients, hospitalized in the 
department during the period July 1947—July 
1952. In this material, TE occurred in 154 cases, 
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Table 1. 
Incidence of thrombo-embolism among 10,883 surgical 
patients 1947—1952. 





Secondary Secondary 





No. 0/ — lethal 
|embolism embolism 
Thrombo- 
embolism, 
Ei ie ate 154 1.45 
Primary 
thombosis. .. 75 8 15 (200/,) 7 (90/,) 
).96 


Secondary... 30 





ie. 1.45 per cent. This TE morbiditv is some- 
what higher than the rates stated in other papers 
(6, 8, 9, 11, 14, 17 and 19), probably because a 
number of the cases recorded as non-fatal emboli 
were actually pulmonary complications of other 
origin. 

The incidence of thrombosis was 75 (0.68 per 
cent.) demonstrated primarily, together with 30 
(0,28 per cent.) which were demonstrated se- 
condarilv, i.e. not until after the occurrence of 
non-lethal emboli. These figures correspond to 
those given by other authors. 

As shown in table 2, the number of cases of 
embolism totalled 94 (0.86 per cent.) and 23 of 
these were fatal, i.e. a lethalitv of 15 per cent. 
calculated from all cases of TE or 24 per cent. 
calculated from the cases of embolism alone, 
while the mortality was 0.21 per cent. This last 
figure is in agreement with figures stated 
by other authors in corresponding materials. In 
the material of Andreassen & Hgjen s- 
gârd (1) from 19421947 which comprizes 
11,098 hospitalized patients, 76 cases of embolism 
were encountered (0.68 per cent.) and 30 of these 
were fatal, i.e. a lethality of 39 per cent. calcula- 
ted from the cases of embolism alone. 

In the present material from 1947—1952, the 
number of cases of embolism not preceded bv 


thrombosis was 79 out of the total of 94 cases 
of embolism (84 per cent.) as compared with 63 
out of 76 (83 per cent.) in the material from 
19421947. The incidence of embolism not pre- 
ceded by recognizable thrombosis is thus, as 
might be anticipated, identical in the two ma- 
terials. 

The incidence of thrombosis was not calculated 
in the material from 19421947. The total num- 
ber of cases of embolism preceded bv thrombosis 
was 13 in the material from 19421947 and 15 
in that from 1947—1952. Of these, 2 (15 per 
cent.) and 7 (47 per cent.), respectively, died. 
Out of 63 cases of embolism not preceded by 
thrombosis in the material from 1942-1947, 28 
(44 per cent.) died. The corresponding figure for 
the material from 19471952 is 16 out of 79 (20 
per cent.). Thus the present material does not 
appear to confirm the statement made by A n- 
dreassen & Hgjensgârd that the mor- 
tality for embolism which occurs following 
thrombosis is less than the mortality for em- 
bolism not preceded by thrombosis. 

For the period 1942—1947, the number of cases 
of lethal embolism with preceding thrombosis or 
preceding non-lethal embolism was 4. For the 
period 19471952 16 out of 132 cases treated 
with heparin and early mobilization, have had 
embolism (12.1 per cent.) and 5 out of these (3.8 
per cent.) died (all of them verified by autopsyv). 
In this material, thus, heparin treatment has not 
been as efficacious as stated by some other 
authors. 

In the present material, a maximum incidence 
of TE was found in the age group 40—70 vears. 
In 21 per cent. of the patients who developed 
TE, cardiac disease was found; in 14 per cent. 
varicose veins while in 6 per cent. evidence of 
previous TE was available in the case histories. 

The duration of confinement to bed varied 
from 0 to 2 davs in 32 per cent. of the patients 
who developed TE and exceeded 2 days in 68 


Table 2. 


Incidence of embolism in the periods 19421947 (1) 


and 1947 


1952. 





1942—1947 
11,098 patients 


1947 —1952 


10,883 patients 


0/, of all | 0/9 of all 0/, of all 0, of all 
Number Jo Ee . Number ’ e . 
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per cent.; in 47 per cent. it exceeded 10 days. 
This appears to emphasize the value of getting 
the patients up early in preference to mobiliza- 
tion in bed only. This is also supported by the 
fact that no less than 25 (16 per cent.) of all the 
cases of TE occurred in patients suffering from 
fractures which only constitute a relatively small 
proportion of the patient material of the depart- 
ment. 

Sixtv per cent. of the cases of thrombosis were 
recognized later than 10 days after operation 
while only 34 per cent. of the cases of embolism 
not preceeded by thrombosis were recognized 
later than 10 days after operation. The latter thus 
appear to become manifest earlier, in relation to 
operation, than do the cases of thrombosis. 

Increase in pulse and temperature are reported 
as frequently occurring symptoms prior to the 
clinical manifestations of thrombosis or embo- 
lism. Persistent subfebrile temperature post- 
operatively without other apparent cause must 
therefore be regarded as a possible prodromal 
symptom of thrombosis or embolism. These pro- 
dromal symptoms were absent in only 20 per 
cent. of the cases of thrombosis and in 29 per 
cent. of the cases of nonlethal embolism not pre- 
ceeded by thrombosis. In 1 case only out of the 
13 cases of lethal embolism not preceeded by 
thrombosis or non-lethal embolism were these 
prodromal symptoms absent. 


SUMMARY 
A material is presented consisting of 10,883 
patients, hospitalized during the period 1947 


1952, who were treated postoperatively with 
arly mobilization supplemented by heparin 


treatment if thrombosis or embolic complica- 
tions developed. The material is compared with 


CHLORPROMAZINE IN 


By ERIK WAIND ANDERSEN, S. 


Considerable interest has been devoted to the 
treatment of tetanus and recently a number of 
reports have appeared on severe cases, in which 
successful treatment was a result of the realiza- 
tion of the fact that curarization had to be com- 
bined with maintenance of free airways and 
sufficient artificial ventilation (Bjgrneboe ct 
al. 1954, Lassen et al. 1954, Forrester 1954, 
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THE 





a corresponding material of 11,098 patients, hos- 
pitalized during the period 1942—1947 who were 
treated with early mobilization only. Only little 
effect on the incidence of lethal embolism follow- 
ing the combined heparin-mobilization treatment 
could be demonstrated as compared with the 
treatment by mobilization alone. The present 
material confirms the value of early ambulation 
after operation as compared with mobilization 
in bed only and also that increase in pulse or 
temperature or obscure persistent subfebrile tem- 
perature post-operatively are frequent prodromal 
symptoms of thrombo-embolic complications. 
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TREATMENT OF TETANUS 


H. JOHANSEN & WILLY HOUGS 


Shackleton 1954, Parkes 1954, Honey 
et al. 1954). 
Induced hypothermia of “artificial hiberna- 


tion“ has also been on trial clinically. Holzer 
1954 reported a series of 34 cases with 12 deaths 
from Austria. 

Experiments have shown (Hougs & Ander- 
sen 1954 (8, 9)) that barbiturates and curarizing 
drugs as well as atropine, promethazine and chlor- 
promazine are effective in the control of con- 
vulsions in localized tetanus induced in animals. 

Recently we had occasion to combine these 
different therapeutic measures in a very severe 
case of tetanus. 
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A boy, aged ten, fell down when playing on a merry- 
ge-round and his right gluteal region was pierced by 
arusty nail. He was previously a healthy boy who had 
never had prophylactic treatment against tetanus. 3 
days after the trauma there was slight secretion from 
the wound. On the fifth day the boy felt tired and on 
the sixth day his mother noticed a change in his 
facial expression — he was ”tight“ around the mouth. 
On this day he had a little trouble eating his dinner, 
but still he went to the cinema from 7—9 p. m. 
At 11:45 p. m. he was admitted to the department of 
pediatries with the diagnosis of tetanus. 

His general condition was good, sensorium clear. 
There was prorounced trismus and stiffness of the 
neck and back. The abdominal muscles were like 
wood. The upper extremities were unaffected, whereas 
the lower ones were extended with increased muscle 
tone and increased reflex activity. He was in opisto- 
tonus. The wound in the right gluteal region was in- 
fected with tenderness in the surrounding area. 

He was given a total of 17.500 units of serum 
against tetanus (antitoxin), partly intravenously, 
partly intramuscularly, penicillin 200.000 units and, 
to control the spasms, luminal 15 mg intramuscularly. 

214 hours after admission he was taken under 
nitrous oxide-oxygen-cyclopropane anaesthesia and the 
wound was excised. A 7 cm deep canal was opened and 
several small foreign bodies were found in the bot- 
tom, surrounded by necrotic tissue. 1 millon units 
penicillin was injected around the wound. At the end 
of operation 25 mg chlorpromazine was given intra- 
muscularly. The patient then slept for 10 hours in 
slight opistotonus. 

During the following 35 hours the patient’s condi- 
tion deteriorated rapidly. He had convulsive attacks 
with 3 minute intervals and was in constant opi- 
stotonus, which could not be relieved by the admini- 
stration of chlorpromazine (25 mg intramuscularlv 
every 6 hours). 

38 hours after admission the temperature was 40°.7 
centigrade, pulse was 196 and blood pressure 150 
systolic. It was obvious that the immediate prognosis 
was very poor unless the convulsions were controlled 
ina more effective way. The patient was then brought 
to the operating room. He was in extreme opistotonus 
— petrified, like a statue. Sleep was induced with 
pentothal and a dose of 75 mg succinylcholine pro- 
duced complete relaxation allowing an easy oral in- 
tubation. Anaesthesia was maintained with nitrous 
oxide-oxygen and cyclopropane and when spontaneous 
respiration reappeared, d-tubocurarine was admini- 
stered in fractional doses. Tracheotomy was perform- 
ed between the second and third tracheal ring and a 
cuffed rubber tube (no. 8 Magill) was passed through 
the opening. During anaesthesia a stomach tube was 
passed and a polythene tube was placed in a vein in 
the leg. 

The curarization and artificial ventilation had a 
dramatic effect on the condition of the patient (fig. 
1. After the tracheotomy the patient was kept asleep 
with nitrous oxide and oxygen (60—40 %) and was 
treated with chlorpromazine and d-tubocurarine (do- 
ses are presented in fig 2). The relaxant was admini- 
stered in fractional doses varying from 3—9 mg every 
30 minutes. Manual positive-pressure respiration was 
carried out (by medical students) for 12% days in 
the first period. Curarization and ventilation were 
then interrupted and the patient was on his own re- 
spiration for 4% days, during which time he was 


Î41 TRACHEOTOMY 











Fig. 1. 


improving rapidly as far as the tetanus was concerned. 
On the 17th day he was taken out of nitrous oxide 
anaesthesia several times and was easy to contact. 
During the evening of that day he had repeated 
attacks of ecyanosis and stiffness of the muscles and 
he gradually developed marked opistotonus. A lumbar 
puncture showed normal pressure and clear cerebro- 
spinal fluid. 

Under these circumstances we had to face the fact 
that the patient had developed a secondary tetanus 
or a flare up to the original infection. He was again 
anaesthetized, the wound was radically excised once 
more, he was curarized and the artificial ventilation 
was continued. Antitoxin was given around the wound 
and intramuscularly. His condition, however, deterio- 
rated over the next three days and he expired on the 
22nd day after admission with increasing circulatory 
insufficiency and serious haematological complications 
(as described by Gormsen in a separate paper). 

Bacteriological examinations have failed to reveal 
tetanus clostridium in the excised tissue and toxin 
was not found in blood or spinal fluid on several 
examinations. Blood culture was performed repeated- 
Iy and showed no septicaemia. 
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Fig. 2. 
Dosage of d-tubocurarine (solid columns) and 
chlorpromazine. 
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OBSERVATIONS AND COMPLICATIONS 

Central Nervous System: The fact that the 
patient woke up in 2—4 minutes whenever the 
administration of nitrous oxide was interrupted 
is a good indication that d-tubocurarine has no 
central effects. 

Eyes: Because of the curarization the patient 
in the first days developed keratitis, which was 
treated very effectively with atropine and peni- 
cillin ointment. 

Lungs: We found it difficult in this patient 
to ”graduate“ the curarization. Partial curariza- 
tion makes it almost impossible to maintain suffi- 
cient artificial ventilation. For this reason we 
kept the patient completely relaxed during the 
periods of curarization. 

Breathing exercises, postural drainage and 
tracheobronchial aspiration kept the lungs clean 
during the whole period except for one instance 
(on the 15th day), where atelectasis developed in 
the left upper lobe. This atelectasis was dealt with 
successfully by the already mentioned measures 
and further we found the application of trypsine 
(Trypure NOVO) to be of great value breaking 
down dry secretions thus making them easier to 
remove by suction. 0.5 ml trypsine was applied 
through the endotracheal tube five minutes before 
suction was carried out. 

Circulation: Periods of tachycardia were un- 
doubtedly mainly due to the administration of 
chlorpromazine. Electrocardiograms were traced 
regularly and showed no abnormalities. The blood 
pressure varied with the efficiency of the artifi- 
cial ventilation. Because of the changes in the 
white blood picture it was necessary to give 15 
transfusions. This gave rise to episodes of slight 
pulmonary edema, which were treated with oxy- 
gen under pressure, venesection and in one in- 
stance intravenous atropine with dramatic effect. 
On the last day peripheral circulatory insuffi- 
ciency developed and was irreversible in spite 
of active treatment with blood, concertrated 
plasma and various vasopressors. 


Antibiotics: Penicillin was administered 
throughout the period, supplemented with terra- 


mycin and achromyecin. 


DISCUSSION 

Quite recently Bod man (1954) has redirected 
our attention to the fact that the prognosis in 
cases of tetanus is extremely poor, where the 
incubation period added to the period of onset is 
less than 8 days. According to this the case 
presented here was a very severe one (incuba- 
tion period 5 days, period of onset 24 hours) and 
it is very likely that the chance of saving patients 
with severe attacks like this one is nil as long 
as our treatment is purely symptomatic. 

In our experiments (7, 8) we found that chlor- 
promazine was a very effective agent in control- 


ling convulsions in animals with localized tetanus. 
This fact encouraged us to try out the drug clini- 
cally. It turned out that it was possible to produce 
hypnosis with the first doses of the agent, but it 
was not possible to decrease the muscle tone to any 
significant degree and it was certainly impossible 
to combat the ominous symptoms of increasing 
intensity of the tetanus as evidenced by hyper- 
thermia, blood pressure elevation and increased 
pulse rate. However, there is a possibility that 
chlorpromazine acted as a shock-prophylactic, 
since one would normally have expected a severe- 
ly ill patient under curare treatment and artifical 
ventilation for almost three weeks to develop a 
state of shock much sooner than was actually the 
case. It may very well be that less severe cases 
can be treated with chlorpromazine, substituting 
or supplementing agents used before the ”curare 
period“ — barbiturates, chloral hydrate, avertine, 
mephenesin etc. 

The choice of relaxant in this case may not 
have been a wise one, as discussed in the follow- 
ing paper by Gormsen. 

Finally is should be mentioned that trypsine is 
of great value in loosening the secretions in the 
trachea and bronchi. However, this agent should 
probably be used with great care if there are any 
signs of trauma to the tracheal or bronchial mu- 


cosa. 


SUMMARY 

A severe case of tetanus in a 10 year old boy 
was treated for three weeks with chlorpromazine, 
d-tubocurarine and manual positive-pressure ven- 
tilation with nitrous oxide and oxygen. The out- 
come was fatal. 

Chlorpromazine alone was unable to control 
the convulsive attacks but may have been of 
some value as a hypnotic and possibly as a shock- 
prophylactic. 

Trypsine was of great value in keeping the 
tracheo-bronchial tree clean when combined with 
suction, physiotherapy and postural drainage. 
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It is probable that there was a remission around 
the 17th day concerning the granulocytes and the 
thrombocytes, but not the Iymphocytes. This re- 
mission was of short duration and was inter- 
rupted by a rapid fall in the values at the time 
when the patient was again treated with curare, 
chlorpromazine etc. because of his second attack 
of tetanus. 

The imminent agranulocytosis and septicaemia 
made it necessary to clean the trachea and the 
bronchi meticulously — at the same time the 

hazardous to 
carry out tracheobronchial toilet because the 
slightest trauma would give rise to severe haemor- 
rhage. Blood transfusions were of little help in 
improving this condition, which was desperate 
and dangerous. 

Three factors had to be considered as a pos- 
sible cause of the changes in the blood picture: 
1. the primary disease, 2. a complicating disease, 
or 3. an allergic reaction to chlorpromazine or 
to d-tubocurarine. The changes might be due to 
either a primary lesion of the bone marrow or, 
rather, a peripheral destruction caused by agglu- 
tinines or lysines provoked by the disease as 
such or by the drugs used chlorpromazine or 
curare. 

Haematological complications caused by N20 
have never been reported, are very improbable 
in our case and not discussed. The bone marrow 
in the present case was hyperplastic and hyper- 
functioning. The rapid remission was unlikely 
if the changes were due to a marrow lesion. 

Lassen et al. have found granulocytopenia 
and thromboecytopenia in 2 of 4 patients with 
severe tetanus. 

Chlorpromazine and similar agents may cause 
orpanic lesions (Winckelmann, 1954), e. g. 
liver damage with jaundice. Leucocytopenia has 
been described (Lomas, 1954) and also a case 
of agranulocytosis has been published (Gia c o- 
bini, 1954). Thrombocytopenia, however, has 
never been mentioned as a side effect of this 


haemorrhagic diathesis made it 


drug. 

We are not aware that haematological compli- 
cations in connection with curarization have 
been observed before (in the patients mentioned 
by Lassen et al. curarization might be contem- 
plated upon as a cause of the haematological com- 
plications) this might be due to the fact that 
treatment with d-tubocurarine and similar agents 
is usually of short duration. Reid (1950) found 
in dog experiments that d-tubocurarine liberates 
heparine and histamine, whereas Nesi (1951) 
claims that tubocurarine lowers the coagulation 
time. Ting and coworkers (1952) have not been 
able to confirm this. 

Since the bone marrow in our case was hyper- 
plastic it was natural to examine the peripheral 
blood for agglutinines. In 1949 Ackroyd was 
the first one to describe a case of allergic throm- 
bopenic purpura provoked by Sedormid — his 


evidence was supported by in vitro tests. His 
observations have later been confirmed by several 
authors who studied thrombocytopenic purpura 
provoked either by drugs, by immunological or 
by other, unknown, conditions (quote Dausset, 
1953). 

Correspondingly Moeschlin (1952) was 
able to demonstrate agglutinines in a patient who 
was suffering from agranulocytosis due to Pyra- 
midone. For further evidence he transfused 300 
ml of blood from his patient to a normal man 
with the same blood group, and in repeated 
attempts he was able to show a decrease in the 
number of granulocytes in the recipient. This 
finding is only possible if the patient has the 
acquired antibody (agglutinine) and the sensi- 
tizing agent (Pyramidone) in his plasma at the 
same time. The antibody will then cover the 
granulocytes, change the surface potentials and 
produce agglutination. Kissmevyver-Niel- 
sen and others after him (quote Dausset, 
1954) found similar conditions in transfusion 
experiments in other cases where granulocyto- 
penia and thrombocytopenia were caused by 
agglutinines, the presence of which was not due 
to drugs. 

Because of these observations we carried out 
(on the 16th day) in vitro and in vivo tests, but 
were unable to find agglutinines in the plasma. 
If agglutinines, created by the tetanus or by the 
chlorpromazine (with which the patient was still 
treated at this time) were the cause of the 
haematological changes, one would have expected 
to find a reaction at this particular time. For 
these reasons we have considered it most likely, 
even though the evidence is not conclusive, that 
the d-tubocurarine was responsible for the blood 
changes in this patient. This view is further sup- 
ported by the following argument: 

The bone marrow changes found in similar 
cases are most often described as inhibition of 
maturation or inhibition of release of cells. 
Rohr and later Bock and Moeschlin 
suggested that another explanation has become 
more natural after the demonstration of agglu- 
tinines. A considerable destruction of the cells 
in question is probably taking place in the peri- 
phery. In the beginning the bone marrow is able 
to keep up with this through a compensatory 
hyperplasia, but after some time it has gradually 
been deprived of the more mature cells so that 
only myeloblasts and eventually reticulum cells 
are found. According to Moeschlin one would 
expect from the findings in our bone marrow 
puncture that remission could be demonstrated 
in the peripheral blood (in the beginning by the 
presence of myelocytes and young granulocytes) 
about 4 days after the damaging agent had been 
removed. This corresponds very well to the 
period of time elapsing from the interruption of 
the curare medication until remission was seen. 
Since maturation of Iymphocytes takes longer, 
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an increase in the number of these could not be 
expected. 

The rapid fall in the number of affected cells 
after the continuation of the curare treatment 
would also fit into the theory of an allergic 
reaction. 

The small dose of cortisone which was ad- 
ministered after remission had set in had hardly 
any influence on the course of the disease. Treat- 
ment with cortisone by mouth has been used 
with effect as a supplement in several cases of 
severe tetanus (Le wis et al, 1954). 

The autopsy gave no further information con- 
cerning these haematological complications. 


SUMMARY 

A fatal case of severe tetanus treated with tra- 
cheotomy, artificial ventilation, curare and chlor- 
promazine is described. Attention is drawn to 
two very serious complications: Agranulocytosis 
and thrombocytopenia. The author considers 
d-tubocurarine to be the most likely cause of 
these complications although the evidence is not 


REMISSIONS IN 
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quite conclusive. The tetanus, too could be the 
cause. 
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PERNICIOUS ANAEMIA 


By POUL BASTRUP-MADSEN 


In pernicious anaemia, cessation of therapy 
will inevitably result in a relapse. In cases re- 
corded as cured, the megaloblastic anaemia must 
have been of a type other than Addisonian perni- 
cious anaemia as, for example, nutritional megalo- 
blastic anaemia, or the observation period with- 
out treatment may have been of insufficient length. 
As cessation of specific therapy may entail serious 
consequences, it is nowadays rare to see patients 
who have been without treatment for a prolonged 
period. The two cases reported below may there- 
fore be of interest, because the patients concerned 
had not received any treatment for 10 and 11 
vears, respectively. 


CASE REPORTS 
A man, J. M. B, born April 6, 1890, was 
first admitted to Aarhus County Hospital in 1934 at 
the age of 44 years. He complained of fatigue, burning 
pain in the tongue and soft palate, and numbness 
and tingling of the right hand, which had persisted 
for 5 months. He had also had a slight fever and 
purulent bronchitis. Hyperchromic anaemia was pres- 
ent. Ewald’s test meal achlorhydria. Hb. 


Case 1. - 


revealed 
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44 % (Sahli), R. B. C. 1,500,000, colour index 1.47. 
Treatment with a desiccated hog-stomach preparation 
(Ventriculin) gave a typical reticulocyte response with 
a maximum of 16.2 % on the 8th day of treatment. 
At discharge, the haemoglobin level was 79 %. 

The hog-stomach therapy was continued up to 1943. 
As the patient felt well at that time, he discontinued 
treatment on his own initiative. In 1947, examination 
in our out-patient clinic gave the following results: 
The tongue was red and smooth; Hb. 13.7 g per 100 ml, 
R. B. C. 4,040,000, colour index 1.22, leukocytes 2,640; 
71 % neutrophils, some macropolycytes. As he felt 
quite well and had no lingual discomforts, he was 
not given any treatment. 

In 1953, 10 vears after the cessation of specific treat- 
ment, the patient was readmitted. He had then suffered 
from dyspnoea on exertion for six months, and elec- 
trocardiography had revealed left-sided bundle-branch 
block. He now complained of numbness and tingling 
of the left foot, which he had noticed for the first 
time just after admission. 

The anterior third of the tongue was denuded of 
papillae; knee and ankle jerks were absent on both 
sides. The vibration sense of the left lower extremity 
was lost (normal on the right side). Histamine-fast 
achlorhydria was revealed. 

Blood examination: Hb. 12.7 g per 100 ml (86 %), 
R. B. C. 3,330,000, colour index 1.23, leukocytes 3,100, 
platelets 117,000. Smears showed anisocytosis, macro- 
cytosis and some macropolycytes; the bone marrow 
contained a few megaloblasts and some giant meta- 
myelocytes and giant stab cells. 
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Oral treatment with 30 ug of vitamin B;2 and 
desiccated hog pyloric mucosa (Cycoplex MCO) gave 
an adequate reticulocyte response; red cells increased 
to compiete haematological remission, and the bone 
marrow returned to normal. The paraesthesiae sub- 
sided. Under this treatment, the remission was main- 
tained for a year or so, when dyspeptic symptoms 
developed. A roentgen examination revealed gastric 
carcinoma, and during a renewed hospital stay metas- 
tases to the liver were disclosed. The patient died of 
this disease a few months later. Autopsy showed an 
extensive gastric adenocarcinoma with metastases to 
the liver and to abdominal and mediastinal Iymph 
nodes. 

Case 2. A woman, S. K., born January 20, 1892. 
Hyperchromic anaemia was diagnosed at an examina- 
tion in the out-patient clinic of another hospital in 
1931. Specific treatment, first with liver and later with 
desiccated hog-stomach preparations, was instituted, 
but in 1941 the patient discontinued treatment. In 
1943, she sought medical aid on account of fatigue, 
and hypertension was revealed. In 1951, the patient 
began to suffer from dizziness, and in 1952 she was 
admitted to Marselisborg Hospital for progressive 
fatigue, dizziness, unsteadiness of gait and attacks 
of vomiting. She had no paraesthesiae or lingual dis- 
comforts. 

Physical examination revealed a tired, pale, grey- 
haired woman of 60 years. The tongue was red, with 
slight atrophy of the papillae. The gait was slightly 
staggering. Otherwise, neurological examination did 
not reveal any abnormalities. Blood pressure 210/120. 

Laboratory findings. — Histamine-fast achlorhydria 
was present. Hb. 8 g per 100 ml (55 %), R. B. C. 
2,240,000, colour index 1.25, W. B. C. 2,000; 56 % poly- 
morphonuclears, 44 % Iymphoecytes, platelets 66,000. 
Smears revealed anisocytosis and a large number of 
macrocytes. The bone marrow showed intense ery- 
thropoiesis with some megaloblasts, and distinct gran- 
ulopoietice maturation disturbances with giant meta- 
myelocytes, giant stab cells and macropolycytes. 

Treatment and course. Treatment with purified 
liver extract gave a characteristic reticulocyte response 
(max. 15 % on 8th dav), followed by complete haema- 
tological remission. During the following vear good 
remission was maintained with injections of purified 
liver extract. The dizziness gradually abated, and 18 
months after the institution of anti-pernicious-anae- 
mia therapy it has completely disappeared. During this 
period the patient also received hydergine for her 
hypertension. After the disappearance of the dizziness 
hydergine therapy was discontinued. Anti-pernicious- 
anaemia therapy was continued for another vear; 
dizziness did not return during this period. 


DISCUSSION 

Before the introduction of liver therapy, per- 
nicious anaemia was known as »a chronic ma- 
lady with remarkable remissionse«, usually of 
short duration. However, from the literature, 
Schwartz & Legere (3) were able to col- 
lect 10 well-authenticated cases with spontaneous 
remissions lasting 10 vears or more. The longest 
remission ever observed seems to be one of 16% 
vears’ duration reported by Strandell (4). 

Fully restored cases usually relapse in a few 
months if specific treatment is omitted. In a studv 


of 54 cases (Schwartz & Legere), relapses 
developed after periods varving from 2 to 38 
months; about 33 % relapsed during the first six 
months, 36 % during the next six months, 24 % 
during the second vear, 5 % during the third vear 
and one patient later. Strauss & Pohle (5) 
discontinued specific treatment in 15 patients 
with pernicious anaemia. Three patients showed 
the first signs of recurring anaemia 19, 26 and 27 
months after the cessation of therapy, while the 
remaining 12 patients relapsed during the first 
2—10 months. In another group of 12 patients 
(Jones et al. (1)), six failed to show haema- 
tological relapse in 26 to 29 months. Among Wa l- 
denström’s (6) 22 patients, only five relapsed 
during the first year after the cessation of thera- 
py. One patient, who was followed for 3 vears, 
still showed normal haematological values. Jg r- 
gensen (2) mentioned that a patient, who had 
been without treatment for 8 vears, still had only 
a very mild anaemia. 

The individual requirements of anti-pernicious- 
anaemia principle in patients with pernicious 
anaemia seem to vary within wide limits, presum- 
ably because different degrees of deficiency of 
intrinsic factor exist. Factors which may be of 
importance in determining the requirements of 
anti-pernicious-anaemia principle in such pa- 
tients are the production of intrinsic factor, the 
amount of anti-pernicious-anaemia principle 
stored in the body, consumption of food factors 
having therapeutic value in pernicious anaemia, 
and development of intercurrent diseases; in ad- 
dition, possible as vet unknown factors may be 
of importance. It is conceivable that variations 
in these factors may explain the spontaneous re- 
missions and the wide variations in the time 
intervals which elapse before a relapse occurs 
in patients who have discontinued specific treat- 
ment. It is probable that the time of recurrence 
of relapse will not always be the same in the 
same patient. 

It must be assumed that the two patients men- 
tioned in this paper had ample depots of anti- 
pernicious-anaemia principle at the time when 
they discontinued treatment, because they had 
both received specific treatment for a number of 
vears. However, it does not seem reasonable to 
suggest that the depots should have been so large 
that the amounts of stored anti-pernicious-anae- 
mit principle were able to keep the patients alive 
for 10 and 11 vears, respectively. It should be 
expected that if treatment is discontinued, the 
anaemia which develops after a certain time 
would be of the same degree as that disclosed 
before the institution of therapy. The patient in 
case 1 was examined 4 vears after he had dis- 
continued treatment. At that time, there were 
mild, but not absolutely unquestionable signs of 
pernicious anaemia (R. B. C. 4,040,000 and leuko- 
penia), but no subjective symptoms were present. 
When he had been without treatment for 10 years, 





12 no3 
— 
elapses 
to 38 
irst six 
S, 24 % 
rd vear 
le (5) 
jatients 
showed 
and 27 
ile the 
ie first 
jatients 
haema- 
g Wal- 
elapsed 
 thera- 
 vears, 
s. Jgr- 
ho had 
xd only 


ricious- 
nicious 
yresum- 
ncy of 
be of 
ents of 
ch pa— 
or, the 
inciple 
factors 
raemia, 
in ad- 
nay be 
iations 
ous re- 
e time 
occurs 
> treat- 
rrence 
in the 


s men- 
f anti- 
when 
»y had 
ber of 
ble to 
o large 
s-anae- 
s alive 
uld be 
d, the 
1 time 
sclosed 
ient in 
id dis- 
‚were 
gns of 
leuko- 
resent. 
_vears, 





May 1955 





an examination revealed definite signs of a 
moderate pernicious anaemia (slight macrocytic 
anaemia, R. B. C. 3,330,000, leukopenia and ma- 
turation disturbances in the bone marrow), but 
the anaemia was not at all of the same severe 
degree as had been noticed 20 vears previously 
(R. B. CG. 1,500,000). The explanation may be that 
the »natural level« of the anaemia in this parti- 
cular case was rather high, but that the patient 
during the period in which the disease was first 
diagnosed may have had a transitory greater re- 
quirement for anti-pernicious-anaemia principle, 
probably due io a purulent, febrile bronchitis. 

In case 2 it was not possible to ascertain the 
exact degree of anaemia at the time when the 
disease was first diagnosed. This patient may 
have relapsed to the same degree of anaemia. Nor 
inthis case was it possible to establish how rapidly 
she relapsed after the cessation of therapy, but 
in spite of this it is noteworthy that the anaemia 
did not become more serious during these 11 
vears. It is also worthy of note that both 
patients managed to be without specific treatment 
for 10 and 11 years, respectively, without develop- 
ing severe neurological symptoms. The first pa- 
tient had only slight paraesthesiae of a very short 
duration. The second patient complained of diz- 
ziness and unsteadiness of gait, manifestations 
which were interpreted as being caused by hyper- 
tensive changes of the brain. However, the diz- 
ziness subsided after anti-pernicious-anaemia 
treatment for one vear. This may, perhaps, be 
taken as evidence suggesting that the neurological 
manifestations were due to deficiency of vitamin 
Bo. Even though the changes in the central ner- 
vous system in pernicious anaemia are most fre- 
quently localized in the posterior and lateral 
columns of the spinal cord, degenerative changes 
may occasionally be seen in the vestibulo-spinal 
tract. An isolated lesion in this tract might verv 
well explain the dizziness in this case. 

The two cases confirm the aforementioned ob- 
servation that the individual requirements for 
anti-pernicious-anaemia principle in such patients 
vary within wide limits, and illustrate the wide 
differences which may be encountered in this 
disease. Even though a course of the disease like 
those observed here must be regarded as rare, 
these cases nevertheless show that relatively large 
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series of patients and long observation periods 
are required in the evaluation of the various pre- 
parations used in the maintenance therapy of 
pernicious anaemia. Moreover, from these cases 
it may be concluded that if anti-pernicious-anae- 
mia treatment has been withdrawn because the 
diagnosis was doubtful it is necessary to follow 
the patient concerned over a very long period; 
in fact, such a patient should never be left out of 
sight. This is a further reminder that anti-perni- 
cious-anaemia therapy should never be instituted 
until all examinations which are necessary to 
secure the diagnosis have been made. 


SUMMARY 

The case histories of two patients who had 
been without specific treatment for pernicious 
anaemia for 10 and 11 vears, respectively, are 
reported. It is noteworthv that after such long 
periods without treatment only moderate anaemia 
was present in both patients, and that severe neu- 
rological manifestations had not developed. It 
must be presumed that a mild, non-progressive 
deficiency of intrinsic factor has been present. 
In one of the cases, the anaemia was severe (R. 
B. C. 1,500,000) when the disease was first diag- 
nosed, but mild after 10 vears without treatment. 
This may, perhaps, be explained bv assuming 
that when the disease was first diagnosed, there 
may have been an increased requirement for anti- 
pernicious-anaemia principle, probably due to a 
purulent, febrile bronchitis. Pernicious anaemia 
with long remissions is relatively rare, but the 
cases reported here show that if treatment is 
withdrawn because the diagnosis of pernicious 
anaemia is doubtful, it is necessary to follow the 
patient concerned over a very long period. 
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A CASE 


By AXEL 


Since Seggel (5) described the first case of 
carcinoma of the lacrymal sac in 1884, 38 cases 
in all of this nature have been described. A cha- 
racteristic case will be reported below. 


CASE REPORT 

The patient was a man, aged 36. Since his boy- 
hood he had had a tendeney to epiphora and 
recurrent conjunctivitis in the right eve. He was 
treated with probing without effect. In April, 
1954, the patient noticed a swelling under the 
nasal third of the right lower evelid, which gra- 
dually increased during the next four months. 

In July, 1954, the swelling became tender and, 
as the disease was considered an inflammatory 
condition, the patient was sent to the Outpatient 
Department of the University Clinic of Diseases 
of the Eye, Copenhagen. The diagnosis atheroma 
was established here; the cyst was extirpated but 
not examined microscopically. During the post- 
operative course a fistula formed temporally in 
the cicatrice with serosanguinous secretion; after 
a few weeks the swelling reappeared. 

When the patient had been admitted to the 
University Clinic of Diseases of the Eye, physical 
examination revealed a rather firm tumour in the 
region described, measuring 1 Xx 1 cm, and ad- 
hering to the bone beneath. The surface of the 
tumour was crater-shaped. Irrigation was im- 
possible. There was no enlargement of the re- 
gional Ilymph nodes, and roentgenologic exa- 
mination of accessory sinuses and of the skull 
showed normal conditions. 

It was found at operation that the tumour ex- 
tended from the lacrymal fossa and down into 
the nasolacrymal duct. Rhinoscopy revealed tu- 
mour tissue in the inferior meatus of the nose 
and, as microscopical examination of material 
removed both from the lacrymal fossa and from 
the nose showed planocellular carcinoma, it was 
decided to perform a radical operation. 

The nasolacrymal duct, the anterior and the 
central part of the wall of the maxillary sinus and 
the anterior part of the lamina papyracea were 
resected; this was followed by temporary im- 
plantation of radium tubes. 


Pathologic examination: 

Macroscopically the preparation had a papil- 
From the University Clinic of Diseases of the Eye, 
Rigshospitalet, Copenhagen, Head: Prof. H. Ehlers, 
and the University Clinic of Diseases of the Ear, Nose 
and Throat, Rigshospitalet, Copenhagen, Head: Prof. 
H. K. Kristensen. 


OF CARCINOMA 


IN THE LACRYMAL SAC 
MAHNEKE 


lomatous surface, except for the lowest 7 or 8 mm 
of the nasolacrymal duct (fig. 1). 





Fig. 1. 


Microscopically it presented a non-keratinizing 
squamous epithelium in papillomatous arrange- 
ment with numerous cells and, in places, with 
transition to columnar epithelium with goblet 
cells. The changes were most pronounced in the 
upper two-thirds of the preparation. The upper- 
most one-third also showed invasion into the 
surrounding connective tissue (fig. 2). 





Histological diagnosis: Papilloma of the lacry- 
mal sac with transition into planocellular carci- 
noma. 

So far, 4 months after the operation, there have 
been no sign of recurrence. The cosmetic result 
is fairly good; only moderate ectropion of the 
right lower eyelid persists. In spite of the removal 
of the right lacrymal duct, there is only very 
slight epiphora. Roentgenologic examination of 
accessory sinuses showed no malignant invasion, 
and roentgenograms of the lungs were normal. 
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COMMENTS 

Carcinoma in the lacrymal sac most frequently 
oecurs in the fourth to seventh decades. During 
the first stage of the disease epiphora is the only 
symptom,and the proper diagnosis often cannot be 
established. An incompressible hard swelling over 
the lacrymal fossa develops from vears to decades 
later in the course of the disease; a characteristic 
sign isthat irrigation is impossible. This stage may 
be followed by an inflammatory reaction, suggest- 
ing invasion of the tumour into the surrounding 
tissue. Finally, there is the last stage with rapid 
growth, ulceration and metastasizing into the 
regional Iymph nodes. The diagnosis is not un- 
questionable until this stage has been reached. 
Only two out of the 39 cases published so far had 
been diagnosed before operation (6, 7). Local 
recurrence is frequent, and shows invasion into 
the adjacent regions. 

In their survey Ashton et al. (1) pointed 
out that there is a histological resemblance be- 
tween the columnar-cell carcinomas of the nasal 
sinuses and the carcinomas in the lacrymal sac. 


They also stressed the importance of a thorough 
histological examination of all tumours of the 
laerymal ducts, even though the clinical findings 
give no cause for suspicion of malignancy. 


SUMMARY 
A typical case of carcinoma in the lacrymal 
sac is described. The usual clinical course and 
the prognosis of the disease are mentioned, and 
the necessity of a thorough histological examin- 
ation of all tumours of the lachrymal duct is 
stressed. 
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RACIAL TYPES AMONG THE ESKIMOS IN GREENLAND 


SUMMARY OF THESIS 
By J. BALSLEV JORGENSEN 


The racial conditions in Denmark proper are, 
and presumably always were, very complicated, 
owing to continuous mixing with neighbouring 
and immigrated peoples. It should, however, in 
the case of Greenland, be possible to identify 
certain characteristic types, as in certain parts 
of this country the populations in certain periods 
could be regarded as isolated units; that is to say 
that in these populations, isolated in time and 
place, it should not be necessary to count with 
any mixture of foreign hereditary dispositions 
of any importance. And thus it is possible to 
speak of a race in accordance with the present- 
day definition: 

A race is a sum of individuals, a population, 
isolated from other populations, and differing 
from these with regard to the frequency of a 
series of unfixed hereditary factors. 

In the following is given an account of an 
attempt to point out, by physical anthropological 
methods, a number of differences between phy- 
sical types in some isolated populations in Green- 
land. 

In the case of the whole of West Greenland one 
encounters, after the beginning of the Danish 
colonization in the 18th century, so strong a mix- 
ing with Europeans that “isolated populations” 
are entirely out of the question here. It has, on 
the other hand, by archaeological methods, been 


possible to prove that, apart from the verv first 
immigrants, the population of the whole of West 
Greenland, during the time previous to this 
colonization, had one common characteristic cul- 
ture, the Inugssuk culture. The possibility of 
mixing with the mediaeval Norsemen cannot be 
dismissed entirely, but archaeological and an- 
thropological investigations, as well as what is 
known from historical sources, seem to indicate 
that this possible mixing must have been very 
insignificant. Consequently it should be justified 
to regard the Eskimos of the Inugssuk culture as 
a population sufficiently isolated to form a 
separate racial type. 

In East Greenland the colonization did not 
begin until about the vear 1900, and here, too, 
the archaeological conditions in South-East Green- 
land indicate only one type of culture, the Inugs- 
suk culture. In North-East Greenland, where the 
population became extinct in the first half of 
the 19th century, conditions are somewhat more 
complicated. The culture here began as a mixture 
of Inugssuk culture and an earlier Canadian cul- 
ture, but after the mixing had taken place, this 
North-East Greenland culture underwent an inde- 
pendent development; so although the population 
here, presumably did originate as a mixture, the 
subsequent development should make in justifi- 
able to regard it as an isolated population. 
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The conclusion of these reflections is that 
there are two populations in Greenland, each with 
its characteristic type of culture, the North-East 
Greenland population and that belonging to the 
Inugssuk culture. The latter lived in West and 
South-East Greenland until the beginning of the 
colonization. 

Apart from a small number of persons of the 
oldest generation (born before the vear 1900) 
there are no Eskimos living now who belong to 
these “isolated populations“. This is very unfor- 


tunate, because thus the opportunity has been 
lost of employing one of the most important 


methods in racial investigation, blood-type de- 
termination. Skeletal parts, are the only remains 
preserved of people of former times. 

Therefore, to be at all able to undertake racial 
examinations of the remains availadle of the two 
must employ the classic 
methods: measurings 


Eskimo groups, one 
physical anthropological 
and descriptions. 

The distribution of the skeletal parts available 
appears from table 1. The data from extremity 
bones are left out, being very limited, at any rate 


in the case of the North-East Greenlanders. 


Table 1. 
The Cranial Material from Greenland. 





Men Women Total 
DK neen ol aren 100 82 182 
North-East Greenland .. . . .. 23 29 52 





In accordance with current methods, measures 
have been taken on the crania, and indices cal- 
frequency of various dist- 
determinable in figures, 


culated, just as the 
inguishing marks, not 
has been determined. 

After this the means, standard errors, and stan- 
dard deviations corresponding with each single 
measurement and index, have been calculated 
and compared by means of the t-method. 

In many cases there is great resemblance, in 
other case distinct differences, between the two 
Most decisive differ- 


groups. characteristic is a 


ence in the breadth of the neuro-cranium, the 
3 most important breadth measures as well as the 
horizontal circumference being significantly high- 
er in the North-East Greenland group than in the 
Inugssuk group, in the case of men as well as of 
women. There is a difference in the heights of the 
crania, too, though not quite so pronounced; the 
North-East Greenland crania are lower than the 
Inugssuk crania. Comparisons between the in- 
dividual components in breadth-height index, 
show the most marked differences between the 
two groups. Table 2 gives the most important 
figures with corresponding P-values. This agrees 
well with the statement by Morant and Woo 
& Morant regarding their examinations of 
other Eskimo populations, that the best figures 
for distinguishing between Eskimo types are, in- 
deed, maximum breadth, breadth-height index, 
and length-breadth index. 

There are statistically significant differences 
in the case of other measures; it is all, however, 
a matter of scattered measurements, and the dif- 
ferences are not found in both sexes, so they can 
hardly be considered as being of importance. 

Now that Torgersen has pointed out the 
importance of the appearance of the sutures, it 
is interesting to see that there is a rather conspi- 
cuous difference between the lengths of the parie- 
tal curves and the occipital curves in the two 
groups, in the case of men as well as of women; 
this is borne out by the fact that lambda is 
situated considerably farther in front on the 
Inugssuk crania than on those of the North-East 
Greenlanders. The distributions, however, are so 
irregular that in one of the cases only does the 
difference prove statistically significant. 

Of the characteristics not determinable in fi- 
gures, it is the shape of the crown and that of the 
nose that show the differences. Scaphocephaly, 
a keel shaped crown, is thus far more frequent 
on the Inugssuk crania than on the North-East 
Greenland crania; and a very primitive, obtuse 
lower demarcation of apertura pyriformis is twice 
as frequent in the Inugssuk area as in North-East 
Greenland. 


Table 2. 


The Most Important Differences between Inugssuk and North-East Greenland Crania. 





ey Q 

Inugssuk North-East Greenl. Inugssuk North-East Greenl. 

M + m P M + m M + m P M + m 
Maximum breadth 133,6+0,51 _ 0,01>P>0,001  136,9+0,94  129,8+0,45 0,01>P>0,001 132,4+0,93 
Biauricular breadth 125,5+0,53 0,001 >P 130,0+1,10 120,7 +0,45 0,01 >P>0,001 123,1+0,64 
Asterionie breadth 108,5+0,48 0,001 >P 113,0+0,99 104,9+0,44 « 0,01>P>0,001 107,6+0,72 
Horizontal circumf. 521,1+1,44 0,001 >P 532,1+2,29 « 499,8+1,40 P >0,01 503,5 +1,49 
DE ne dn — 138,7 +0,54 P>0,01 137,7 +0,89 133,0+0,53 0,01 >P>0,001  130,4+0,67 


Breadth-height index 103,8+0,52 0,01 >P>0,001 


100,8+0,78 102,4+0,49 0,001 >P 98,4 0,80 
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‚40,93 
‚140,64 
‚6+0,72 
‚51,49 
‚440,67 
‚40,80 


— — 











Conclusions. 


These investigations, carried out by the meth- 
ods of classic physical anthropology, have proved 
it possible to distinguish between two popula- 
tions, which culturally form two different ”isolat- 
ed groups“. 


Moreover, among a great number of measure- 
ments, a few have been pointed out as being of 
importance for the separation of the Eskimo ty- 
pes, namely the breadths and heights of the 
crania with corresponding indices, and a num- 
ber of measurements dependent on the reciprocal 
relations of the sutures. 


Finally, attention has been called to the impor- 
tance of a number of characteristics not to be 
expressed directly in figures. 
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THROMBOPOILESIS 


A STUDY ON THE ORIGIN OF BLOOD PLATELTES AND ON THE THROMBOPOIESIS 
OF THE BONE MARROW IN THE NORMAL SUBIECT AND 
IN VARIOUS THROMBOCYTOPENIC STATES 


SUMMARY OF THESIS 


By F. KISSMEYER-NIELSEN 


The purpose of the thesis was partly to review 
the various theories which in the course of time 
have been advanced on the origin of the blood 
platelets, and partly to study the thrombopoiesis 
of the bone marrow in normal subjects and pa- 
tients with various forms of thrombocytopenia. 

The first part of the monograph gives a critical 
evaluation of all previous theories of the origin of 
the blood platelets. The evaluation of these theo- 
ries is based on the very voluminous literature 
or the subject and also on the results of personal 
investigations. 

The second part of the monograph is concerned 
with thrombopoiesis in normal individuals and 
in various thrombocytopenic states. While ery- 
thro- and granulopoiesis both in health and dis- 
ease have been made the subject of numerous in- 
vestigations, studies on thrombopoiesis are relati- 
vely sparse, and the results obtained have been 
highly variable. The variable, and sometimes 
misleading, results may principally be ascribed to 
inappropriate methods of investigation. An ade- 
Quate examination of the thrombopoiesis of the 
bone marrow must give information of (a) the 
absolute number of megakarvocytes, (b) their 
morphology, and (c) their platelet production. 
Usually, only aspirated bone marrow is available 
for study. As this material consists of marrow 
with admixture of a variable amount of periphe- 
From the Institute of General Pathology University of 
Aarhus. 


ral blood, a determination of the absolute number 
of megakaryvocytes is difficult and can, in the 
opinion of the author, only be made satisfactorily 
in histological sections, in which only visual 
fields with preserved marrow structure are used 
in the counts. It has previously been a common 
practice to determine the megakarvocyte content 
of the bone marrow in smears in which the num- 
ber of megakarvocytes was related to that of 
other nucleated cells. This method of counting 
makes the result dependent on the variable degree 
of admixture of blood and also on variations in 
other cellular elements of the bone marrow. Due 
to the latter of these factors this method is ob- 
viously unreliable in pathological conditions such 
as pernicious anaemia and leukaemia, but never- 
theless the method has been widely used, which, 
at least in part, explains the widely variable re- 
sults that have been published by various inve- 
stigators. 

The morphology of the megakaryocytes 
their platelet production can best be assessed in 
smears made from aspirated bone marrow. The 
platelet production cannot at all be assessed with 
any appreciable certainty in histological sections. 
The author made differential counts of 100 me- 
gakarvocytes in the individual smears and clas- 
sified the megakaryocytes according to maturity 
and the intensitv of platelet production. 

The study of thrombopoiesis in a series of nor- 
mal subjects showed that the histology of throm- 
bopoiesis in such subjects is fairly constant as 


and 
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Num- 
ber of 
cases 


Idiopathic thrombocytopenic purpura 


Pernicious anaemia 


Splenomegalies 


Acquired haemolytic anaemia 


Acute leukaemia 


Chronic Iymphatic leukaemia 


Chronic myeloid leukaemia .. 


Aplastic bone marrow 
Toxic thrombocytopenia (Nitr. mustd.) 


Toxic thrombocytopenia (T.E.M.) 


megakaryocyvtes 


Increa- 
sed 
asyn- 
chro- 
nism 


Number of 
Hyper- 
segmentation 
of nuclei®) 


Platelet 
production 


Degene- 
pr. mm? of ration 


marrowm 


Decreased 


Normal or 
increased 
Normal or Decreased 
slightly 
decreased 
Normal or Decreased 
increased 
Normal or Decreased 
increased 
Decreased Decreased 


(normal 1) 


Decreased Decreased 


Decreased Decreased 


or normal 


Decreased Decreased 
Decreased Decreased 
Slightly 

decreased(?) 


Decreased 





*) The intensity is graded arbitrarily from one plus 


far as the concentration of megakarvocytes, their 
morphology and their platelet production are con- 
cerned. 

Similar studies of thrombopoiesis in various 
thrombocytopenic states showed that in these it 
is always possible to demonstrate changes in the 
number of the megakaryocytes and/or their mor- 
phology and platelet production. The accom pa- 
nying table shows the principal changes in throm- 
bopoiesis in various forms of thrombocytopenia. 

In some of the groups of diseases repeated stud- 
ies of thrombopoiesis were made during remis- 
sions of the thrombocytopenia. In these studies it 
was always possible to demonstrate a fairly close 
relationship between changes in the number of 
platelets in the peripheral blood and the appear- 
ance of the thrombopoiesis of the bone marrow. 
In particular, an increase in the intensity of the 
platelet production in the bone marrow was al- 
ways demonstrated, when the number of platelets 
in the peripheral blood increased. 


{ 


+) to three plus (+++). 


The final conclusion of the studies is that it is 
always possible to demonstrate changes in the 
thrombopoiesis of the bone marrow in thrombo- 
cytopenic states. However, the changes are not 
specific for the various forms of thrombocyto- 
penia, and it is thus impossible on the basis of 
the appearance of thrombopoiesis to draw con- 
clusions as to the aetiology of the thrombocyto- 
penia. 


At the end of the monograph the results ob- 
tained are discussed and placed in relation to 
the present theories of the pathogenesis of the 
various forms of thrombocytopenia. The new 
theories concerning platelet antibodies causing 
thrombocytopenia are given special consideration. 
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